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PREFACE. 


TIN-:  literature  of  Applied  Chemistry  ifl  reasonably  voluminous.     We 

have  dictionaries  and  encyclopaedic  wm-Us  upon  the  subject,  a  series  of 
small  hand-honks  tl»r  individual  industries,  and  a  mass  of  technical  journals 
of  both  general  and  special  application.  Works,  however,  in  which  tin- 
effort  is  made  to  give  within  the  bounds  of  a  single  volume  a  general  view 
of  the  various  industries  based  upon  the  applications  of  chemistry  to  the 
arts  are  much  rarer,  and  especially  is  this  true  of  works  printed  in  the  Eng- 
lish language.  In  German  we  have  Wagner's  "  Chemische  Technologic/' 
brought  down  to  date  by  its  present  editor,  Ferd.  Fischer;  Post's  "  ( 'h<  -m- 
ische  Technologic,"  Bolley's  "  Technische-Chemische  UntersuchuiiLM-n," 
Heinzcrling's  "  Technische  Chemie,"  Ost's  "Cheraische  Technologic/'  and 
others;  in  French,  Payen's  "Chimie  Industrielle"  and  Girardin's  "  Chimie 
applique,  aux  Arts  Industriels,"  etc. ;  while  in  English  we  have  only  the 
now  antiquated  translations  of  Wagner  and  Payen.  In  speaking  thus,  the 
writer  wishes  to  be  understood  as  referring  only  to  general  works  on  chemical 
technology  of  moderate  size.  The  excellent  "  Dictionary  of  Applied  Chem- 
istry," in  three  volumes,  now7  being  published  by  Longmans  &  Co.,  does 
not  therefore  come  into  the  consideration,  for  the  twofold  reason  of  its  size 
and  of  its  encyclopaedic  and  disconnected  method  of  treatment. 

Similarly,  works  which  cover  only  a  single  side  of  the  subject,  like  Allen's 
"  Commercial  Organic  Analysis/'  are  not  referred  to  in  the  above  statement. 

The  author  has  endeavored  within  the  compass  of  a  moderate-sized 
octavo  to  take  up  a  number  of  the  more  important  chemical  industries  or 
groups  of  related  industries,  and  to  show  in  language  capable  of  being  under- 
stood even  by  those  not  specially  trained  in  chemistry  the  existing  conditions 
of  those  industries.  The  present  volume,  it  will  be  noticed,  is  limited  to 
"Industrial  Organic  Chemistry."  This  field,  while  covering  many  very 
important  lines  of  manufacture,  does  not  seem  at  pivH-nt  to  be  so  well  pro- 
vided for  as  the  inorganic  part  of  the  subject.  A  companion  volume, 
covering  this  other  side  of  industrial  chemistry,  is  in  contemplation. 

In  taking  up  the  several  industries  for  survey,  it  has  been  thought  de- 
sirable first  to  enumerate  and  describe  the  raw  materials  which  serve  as  the 
basis  of  the  industrial  treatment ;  second,  the  processes  of  manufacture  are 
given  in  outline  and  explained  ;  third,  the  products,  both  intermediate  and 
final,  are  characterized  and  their  composition  illustrated  in  many  cases  by 
tables  of  analyses ;  fourth,  the  most  important  analytical  tests  and  methods 
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are  given,  which  seem  to  be  of  value  either  in  the  control  of  the  processes 
of  manufacture  or  in  determining  the  purity  of  the  product ;  and,  fifth,  the 
bibliography  and  statistics  of  each  industry  are  given,  so  that  an  idea  of  the 
present  development  and  relative  importance  of  the  industry  may  be  had. 

The  author  has  endeavored  in  a  number  of  cases  to  give  a  clearer  picture 
of  the  lines  of  treatment  for  an  industry  by  the  introduction  of  schematic 
views  of  the  several  processes  through  which  the  raw  material  is  carried 
until  it  is  brought  out  as  the  finished  product.  A  number  of  these  dia- 
grams have  been  taken  from  German  and  English  sources,  and  several  have 
been  constructed  by  the  author  specially  for  this  work.  A  list  of  these 
diagrams  will  be  found  appended. 

A  large  number  of  the  illustrations  have  been  drawn  specially  for  this 
work,  and  others  have  been  procured  from  the  best  German  and  American 
sources. 

Frequent  foot  references  are  made  to  authorkies  and  sources  of  informa- 
tion, although  this  may  not  have  been  done  in  all  cases.  The  author  has  in 
the  analytical  section  made  frequent  use  of  Allen's  "  Commercial  Organic 
Analysis,"  and  hereby  desires  to  acknowledge  his  special  indebtedness  to 
that  most  valuable  work.  He  has  also  made  frequent  use  of  Wagner's 
"Chemische  Technologic,"  thirteenth  edition,  and  Stohmann  and  Kerl's 
"  Angewandte  Chemie."  Besides  these  works  of  a  general  character  he  has 
also  consulted  a  large  number  of  special  works,  the  titles  of  which  will  be 
found  in  the  bibliographical  lists  appended  to  each  chapter. 

The  author  desires  here  to  acknowledge  his  indebtedness  to  the  many 
friends  who  have  aided  him  by  information  and  helped  him  especially  in 
the  collating  of  the  statistics  of  the  several  industries. 

His  special  indebtedness  is  due  to  his  friend  and  former  pupil,  Mr.  Louis 
J.  Matos,  M.E.,  who  aided  him  in  the  completion  of  Chapters  XI.  and  XII., 
and  to  whom  Chapter  XIV.  in  its  entirety  belongs. 

To  his  colleague,  Professor  Henry  Trimble,  of  the  Philadelphia  College 
of  Pharmacy,  he  is  also  indebted  for  information  upon  the  subject  of  Tannin 
and  Dye-woods,  as  treated  in  Chapter  XIII. 

The  original  drawings  made  for  this  work  and  the  index  are  also  due  to 
Mr.  L.  J.  Matos. 

The  author  hopes  that  this  work  may  prove  of  some  value  to  those  en- 
gaged in  the  several  lines  of  manufacturing  industry  touched  upon  by  show- 
ing the  chemical  nature  of  the  materials  which  are  handled  by  them,  and  of 
the  change  which  these  materials  undergo  in  the  course  of  treatment  and 
preparation  as  marketable  commodities ;  that  it  may  be  suggestive  to  those 
engaged  in  research  or  invention  in  connection  with  chemistry  ;  and,  lastly, 
that  it  may  be  found  to  possess  some  interest  for  the  general  reader  or  the 
student  of  scientific  or  economic  topics. 

PHILADELPHIA.  August  3,  1891. 
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CHAPTER    I. 

PETROLEUM    AND    MINERAL   OIL    INDUSTRY. 


I.  Raw  Materials. 

THE  raw  materials  of  this  industry  are  hydrocarbons  and  product- 
derived  from  them  by  alteration,  which  occur  associated  ton-ether  in  nature. 
They  may  be  gaseous,  liquid,  or  solid,  and  very  frequently  all  three  of  the-.- 
physical  modifications  are  found  admixed  in  the  same  crude  material.  A-. 
on  the  other  hand,  they  occur  at  times  separate  and  distinct,  they  will  be 
separately  noted. 

1.  NATURAL  GAS. — Under  this  name  is  generally  known  now  tin- 
mixture  of  inflammable  gases  that  is  found  issuing  from  the  earth  in 
various  localities.  While  it  is  chietiv  in  connection  with  the  boring  of 
wells  for  oil  or  salt,  or  as  a  constantly-forming  product  of  decomposition  in 
coal-mines,  that  it  has  been  obtained,  we  find  that  it  often  occurs  entirely 
independently  of  these.  "Burning  springs,"  as  they  have  l>een  termed, 
have  been  known  from  the  earliest  historical  times.  Those  of  Baku,  on 
the  Caspian  Sea,  are  supposed  to  have  been  burning  as  early  as  the  sixth 
century  before  Christ,  and  to  have  been  a  sacred  shrine  of  the  IVrsian  lire- 
worshippers.  The  Chinese  have  employed  natural  gas  tl.r  centime-;  in  their 
salt-mines  as  a  source  of  illumination.  In  the  Tnited  States  it  \\a- 
employed  already  in  1821,  at  Fredonia,  New  York,  as  a  source  of  illumi- 
nation, and  for  fifty  years  paM  ha-  -erved  a-  the  fuel  for  the  evaporation 
of  brine  at  the  salAvells  of  the  Kanawha  Valley.  \\ Y-t  Virginia. 

In  chemical  composition,  natural  -ja-  i-  relatively  uniform.  It  CMUHM- 
essentially  of  methane  (mnrsh-gasj,  the  first  member  of  the  parallin  eeriefl 
of  hydrocarbons,  which  may  be  accompanied  l>y  ethane,  propane,  and  tjie 
members  of  the  paraffin  series  next  following  methane.  Small  quantities  of 
hydrogen,  carbon  monoxide,  and  dioxide  have  been  found  to  be  piv-ent  at 
times,  while  nitrogen  is  apparently  an  invariable  impurity.  The  following 
table  gives  the  results  of  analyses  of  natural  gases,  made  in  1886,  by  Prof. 
F.  C.  Phillips  for  the  Second  Geological  Survey  of  Pennsylvania.  The 
localities  chosen  are  all  in  \Ve-tcrn  Pennsylvania,  with  the  exception  of 
Fredonia,  New  York,  which  is  introduced  because  of  its  historical  interest : 
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CONSTITUENTS. 

Fredonia, 
New  York. 

A 

8 

Sg 

£* 
02 

Wilcox, 
McKean  Co.,  Pa. 

A 

6 
j 

&  " 

S 

IB 

03* 

Lyon's  Run, 
Murrysville,  Pa. 

Raccoon  Creek, 
Beaver  Co.,  Pa. 

A 

6 
-1 

Houston,  near 
Cannonsburg,  Pa. 

Paraffin  hydrocarbons 
define  hydrocarbons 
Carbon  dioxide  .    .    . 

90.05 

90.64 

90.38 

90.01 

95.42 

97.70 

90.09 

87.27 

84.26 

0.41 

0.30 

0.21 

0.20 

6.05 

0.02 

0.20 

Trace. 

0.41 

0.44 

Oxygen 

Trace. 
9.54 

Trace. 
9.06 

Trace. 
9.41 

9.79 

Trace. 
4.51 

Trace. 
2.02 

Trace. 
9.91 

Trace. 
12.32 

Trace. 
15.30 

Nitrogen     .... 

100.00 

100.00 

100.00  100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

The  paraffins  contained  in  these  gases  have  the  following  composition 
by  weight  : 

Carbon    

78.14 
21.86 

76.69 
23.31 

76.52 
23.48 

76.77 
23.23 

77.11 

22.89 

74.96 
25.04 

76.42 
23.58 

76.48 
23.52 

76.68 
23.32 

Hvdrofiren 

100.00 

100.00 

100.00 

100  00  100.00 

100.00 

100.00 

100.00 

100.00 

With  these  may  be  compared  the  natural  gas  from  two  important  petro- 
leum-yielding localities  in  Europe,  viz.,  Pechelbronn,  in  Alsace,  and  Baku, 
on  the  Caspian. 


Pechelbronn 

Pechelbronn 

Pechelbronn 

Baku 

Baku 

I. 

II. 

III. 

I. 

II. 

(Engler.) 

(Erigler.) 

(Engler.) 

(Schmidt.) 

(Schmidt.) 

Methane  .... 

73.6 

68.2 

77.3 

92.49 

93.09 

defines     .... 

4.0 

3.4 

4.8 

4.11 

3.26 

Carbon  dioxide    . 

2.2 

2.9 

3.6 

0.93 

2.18 

Carbon  monoxide 

3.0 

3.7 

3.4 

. 

_ 

Hvdrogen     .    .    . 

.    . 

.    . 

0.34 

0.98 

Oxygen     .... 
Nitrogen  .... 

17.2 

4.3 
16.9 

2.6 
9.0 

2.13 

6.49 

100.00 

99.6 

100.10 

100.00 

100.00 

2.  CRUDE  PETROLEUM  (syn.  Erdoel,  Naphtha,  etc.). — Under  this 
heading  is  included  the  liquid  product  which  is  obtained  so  abundantly  in 
various  parts  of  the  earth,  either  issuing  from  the  ground  naturally  or 
gotten  by  the  boring  of  wells  through  the  overlaying  rocks  to  the  oil- 
bearing  strata.  At  the  present  time  the  most  important  petroleum  district 
of  the  world  is  that  of  Western  Pennsylvania  and  Xew  York,  covering 
about  three  hundred  and  seventy  square  miles,  and  stretching  southwesterly 
from  Alleghany  County,  ^New  York,  to  Beaver  County,  Pennsylvania,  on 
the  Ohio  River,  the  development  centring  about  Bradford,  in  McKean 
County,  Pennsylvania.  While  the  oils  found  in  this  district  may  differ 
considerably  in  gravity,  color,  and  undoubtedly  in  chemical  composition, 
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the  differences  arc  n<>t  fundamental,  ;m<l  with  certain  special  exemptions  the 
crude  nils  I'mm  varinn-  localitie-  arc  all  brought  tn.jvt  IHT  l»v  the  pi|M-lin.  ~ 
and  become  mixed  before  iroinir  to  the  refmerie-..  N  .....  •  of  the-e  l'«-nn-\l- 
vania  and  New  York  nil-  contain  any  appreciable  amount  of  -ulphiir  or 
other  impurity  which  would  require  a  modification  of  tin-  in-ncra!  n-tinini: 
methods.  The  heavy  nil-  <>f  Kranklin  and  Smith'-  rVrrv,  IVnn-N  Ivania, 
and  sonic  lew  other  localities  are  so  valuable  for  the  manufacture  of 
lubricating  oils  that  they  are  collected  and  worked  -eparately.  The  Penn- 

-h-bl 


sylvania  crude  oil  ha-  in  ^eiieral  a  dark  -jivem-h-black  Oolor,  app.  arm- 
claret  -red  l>y  transmitted  li^ht,  and  varies  ordinarily  in  -pecjfic  L-ravit\ 
In.  in  n.Ts-J  to  0.860,  or,  its  it  i<  fluently  expressed,  from  l!>  I'.,  to  -T  l\. 
|-'\ee|.ii..n-  to  this  are  the  \\'a-hin^ton  <  'mmty  ainher  nil,  the  li^ht-enlmvd 
Smith'.-  l-'erry  oil,  and  sonic  other  natural  yello\\  «»r  aniKer  oiU.  In  <-heini- 
cal  composition  it  is  essentially  composed  of  hydrocarbon-  of  t  lie  paratlin 
scries  (  1aH2a  +  2,  the  gaseous  and  the  solid  members  of  the  Beriefl  !>•  in-  alike 
held  dissolved  in  the  liquid  ones,  and  .-mailer  amount-  of  the  hydrocarbon- 
of  the  olcfme  series  CnH2n,  and  the  ben/en,  aeriefl  <  ,,ILn_6.  According  to 
MarkowniUow,  Pennsylvania  petroleum  also  contain-  hydrocarbon-  of  a 
series,  CBH2n,  which  he  term-  "  naphthenes,"  which  are  probably  hydn> 
addition  componmls  of  the  aromatic  scries.  Within  the  la-t  t'cwyeai 
second  important  field  has  developed,  vi/.,  Ohio,  \\hich  include-  thet\\odi  — 
tinct  districts,  the  Lima  oil  district  and  the  Macksburo-  district.  The  t'ormer 
is  by  far  the  more  important,  but  the  product  is  peculiar  in  that  it  cnntain- 
sulphur,  and  has  an  offensive  odor  similar  to  Canadian  crude  oil.  Careful 
analyses  made  in  the  author's  laboratory  have  shown  that  it  contains  mi  an 

average  0.42  per  cent,  of  sulphur,  combined  in  relatively  -table  fm-ms  not 
decomposed  by  simple  distillation.*  Reference  will  be  made  t<»  it  in  -peak- 
inu  of  refining  methods.  The  most  important  localities  in  the  Tuited 
States,  outside  of  the  Pennsylvania  and  Ohio  oil-fields,  are  We-t  Virginia, 
where  a  very  heavy  natural  lubricating  oil  is  obtained  from  -hallow  well-. 
Kentucky,  Tennessee,  Colorado,  and  California,  in  which  latter  Star 
blackish  petroleum  of  rather  heavier  consistency  than  Pennsylvania  petro- 
leum is  found  quite  abundantly. 

Closely  related  to  the  Pennsylvania  and  New  York  oil-field-  i-  the  nil 
district  of  Canada.  This  is  in  the  neighborhood  of  Kuni-killen,  in  the 
we-tern  section  of  the  province  of  Ontario.  The  Canadian  petroleum, 
however,  is  distinctly  different  from  that  of  Pennsylvania.  It  i-  darker 
in  color,  heavier  in  gravity,  and  is  of  a  very  otl'en-ive  odor  on  account  of 
sulphur  impurity,  and  is  therefore  more  ditlicult  and  e\pen-i\v  to  ivtine. 
As  before  statexl,  it  finds  a  counterpart  in  the  oil  of  Lima,  Ohio. 

Second  in  importance  to  the  Pennsylvania  oil-fields,  and  even  more  pro- 
lific in  the  vield  of  individual  wells,  is  the  linssian  petroleum  district  of 
liaku,  on  the  Caspian.  For  detailed  accounts  of  the  extraordinary  pro- 
duction of  these  wells,  the  reader  is  referred  to  Crew's  "Treatise  on  IVtm- 
lenin,"  p.  96,  to  linvcrtnn  bVdwood's  article  in  the  Jmir.  >'<><•.  ('!,,,,).  /int.. 
iv.,  p.  70,  or  to  KniJer's  articles  in  hin^lcr's  /V///»  •<•/////>•'•//»*  .Inunntl.  P>d. 
-<i<>  and  261.  The  Uussian  pctmleum  has  a  higher  gravity  than  the 
American,  averaging  o.sT.'i,  «»r  :il°  !>.,  and  has  IM>CU  found  t<>  be  eutinK 
different  in  its  chemical  composition,  cnn.-istinir  for  the  mo-t  part  «»f  hydrn- 


*  Mabery  (Am.  <'//,•»?.  J,,ur..  April.  1891)  has  i«lt>ntifu>(l    in  Ohio  pctrolnutn    uu-thyl, 
ethyl,  normal  pn>pyl,  iso-  and  normal  butyl,  pentyl,  ethyl-pentyl,  and  tiexyl  sulphides. 
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carbons  of  the  series  CnH2n,  isomeric  with  the  olefine  series,  and  called 
"  naphthenes."  As  will  be  seen  later,  this  difference  in  chemical  composi- 
tion involves  a  difference  in  the  refining  results. 

The  most  important  of  the  other  European  petroleum-fields  are  those 
of  Galicia,  which  produce  a  variety  of  oils,  both  light  and  heavy,  either 
accompanying  or  independent  of  the  ozokerite  of  the  region,  those  of 
Hanover,  which  yield  thick  oils,  varying  in  specific  gravity  from  .862  to 
.910,  and  those  of  Alsace,  which  also  yield  oils  predominantly  heavy,  and 
used  chiefly  for  lubricants. 

The  Asiatic  petroleum-fields  are  those  of  Burmah,  which  have  long 
been  known  to  be  very  rich,  and  which,  under  British  control,  will  now  be 
developed,  and  those  of  Rangoon,  in  India,  the  oils  from  which  are  thick 
and  heavy,  yielding  much  lubricating  oil  and  paraffin,  and  those  of  Japan. 

3.  CRUDE  PARAFFINE. — Under  this  head  may  be  understood  the  more 
or  less  compact  solid  material  which  often  accompanies  crude  petroleum,  is 
deposited  from  it  on  standing,  and  in  some  cases  is  found  in  extensive  deposits 
independently  of  it.     Thus,  a  deposit  of  buttery  consistency  separates  from 
some  crude  oils,  such  as  Bradford  oil,  and  adheres  to  the  pumping  machinery 
and  derrick,  forming  a  crust  which  has  to  be  scraped  off  from  time  to 
time.     The  same  oils  deposit  crude  paraffine  in  the  pipe-lines,  necessitating 
a  periodical   scraping   of  the   interior  of  the   pipe-lines.      Much   of  the 
deposit  which  accumulates  in  the  storage-tanks  of  crude  oil  is  of  the  same 
material. 

More  important,  however,  is  the  occurrence  of  solid  native  paraffine, 
under  the  name  of  "  ozokerite,"  or  earth-wax.  The  best-known  locality 
for  this  native  paraffine  is  Boryslaw,  in  Eastern  Galicia,  although  it  is  found 
also  in  the  Caucasian  oil  district,  and  in  Persia  under  the  name  of  "  neft- 

il,"  and  a  few  years  ago  was  found  in  Southern  Utah,  in  the  United  States. 

n  color  it  varies  from  dark  green  to  black,  and  possesses  a  lamellar  or 
conchoidal  fracture,  according  to  the  variety.  It  fuses  between  56°  and 
74°  C.,  or  even  higher.  In  chemical  composition  it  does  not  differ  much 
from  the  separated  paraffine  of  petroleum  oils. 

4.  BITUMEN    AND   ASPHALT. — These    names    are    usually   made   to 
include  the  various  alteration  products  of  hydrocarbon  oils,  products  which 
have  resulted  from  evaporation  and  oxidation,  and  vary  in  consistency  from 
thick  tars  to  hard  black  lustrous  solids.     Among  the  bitumens  or  liquid 
tars,  the  best  known  is  that  of  the  Island  of  Trinidad,  where  it  forms  a 
large  lake  fluid  in  the  centre,  but  hardening  and  becoming  solid  around 
the  border.     Of  the  hard  asphalt,  important  occurrences  are  the  Cuban  as- 
phalt, or  "  chapapote,"  the  Albert  mineral,  at  the  Albert  Mines,  New  Bruns- 
wick, and  in  Ritchie  County,  West  Virginia.     The  Albert  mineral  or  coal 
was  distilled  for  hydrocarbon  oils  already  in  1857,  but  is  used  now  chiefly 
as  a  gas-coal  enricher.     The  Torbane  mineral,  from  Bathgate,  Scotland,  and 
Boghead  coal,  and  other  bituminous  shales  belong  to  this  class,  and  form 
the  crude  material  for  the  Scotch  paraffine  distillation. 

n.  Processes  of  Treatment. 

1.  OF  NATURAL  GAS. — If  we  refer  to  the  composition  of  natural  gas,  as 
already  stated,  it  will  be  seen  that  it  is  largely  made  up  of  methane  and  its 
homologues,  with  some  nitrogen  as  impurity.  The  olefines,  or  "  illumi- 
nating hydrocarbons"  of  ordinary  coal-gas,  are  practically  absent  in  most 
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08868.  Thi>  at  Once  indicate-  <piite  clearly  the  vain.-  of  natural  gas  as  a 
fuel  and  it-  lack  of  value  in  the  natural  -tale  fur  illuminating  purposes. 
But  that  it  can  he  readily  <-on\  erted  int..  an  e\e.-ll«-iit  illuminating  gas  has 
been  shown,  and  in  \VeMern  lVnu-\  1\  ania,  \\linv  natural  -ja-  i-  abundant, 
it  is  being  ii>«-d  fur  illuiuiiiatiuii  a-  \\.-ll  a-  fi.r  fu«-l.  To  illustrate  the  tn-at- 
nicnt  that  i>  ncee»ar\  for  tin-  purpose  \\c  ma\  d.  ~<-rihe  the  MeKav  and 
< 'ritchluw  process,  which  is  among the  mu-t  -iicr.--.*ful  in  jn-aciie,-.  Th.- 
apparatus,  as  shuwn  in  l-'i-j.  I,  consists  essentially  like  the  \\ater-Ma-  gen- 
erators <>f  a  oombustion-chamber 
filled  with  coal  hrouii'ht  tu  a 
white  heat  Ity  an  air-l»la>t  and 

a    ftxing-ohamber    alx>ve    filled 

with  lire-brick,  where  the  gas- 
euiis  products  of  the  first  reac- 
tion combine  with  oil  vapors  to 
form  a  permanent  illuminating 
gas.  The  procedure  is  as  follows  : 
The  fuel  having  been  rendered 
thoroughly  incandescent,  and  the 
tire-brick  structure,  as  observed 
through  the  sight-valve,  having 
been  heated  to  a  light  orange 
tint,  the  air-blast  is  shut  off,  the 
lid  of  the  cupola  closed,  and  the 
gas  outlet  opened.  Natural  gas 
is  then  introduced  into  the  ash- 
pit and  forced  up  and  through 
the  incandescent  fuel-bed,  de- 
positing its  carbon  on  the  sur- 
faces of  the  fuel  as  decomposition 
is  effected,  and  hydrogen  gas  is 
thus  liberated,  which,  passing 
up  through  the  open  chamber, 
meets  the  vapors  of  the  hydro- 
carbon, which  is  projected  into 
the  chambers  by  means  of  a 
steam-  or  gas-injector.  The 
candle-power  of  the  gas  may  be 
regulated  as  desired  by  intro- 
ducing more  or  less  of  the  hy- 
drocarbon oil.  All  of  these 
products  of  decomposition  pass- 
ing together  into  the  upper  or  fixing  chamber,  a  part  of  the  hydrogen 
unites  with  the  heavv  hydrocarbons,  producing  the  lighter  hydrocarbons, 
while  an  intimate  mixture  of  all  the  gases  is  effected,  forming  a  completely 
permanent  illuminating  gas,  which  passes  oil'  through  the  water-seal,  con- 
densers, scrubbers,  and  purifiers,  to  the  holder  in  the  ordinary  v. ay. 

Natural  gas  is  also  burned   for  the  production  of  a  very  pure  grade  of 
lamp-black.      This  manufacture,  first  carried  out  at  <  Jambier,  Ohio,  is  now 
introduced  at  various  places  in  the  oil  iv-ion-  of  Pennsylvania.      Tl 
is  burned  from  rows  of  burners  placed  in  such  position  that  the  flame  im- 
pinges upon  slate  or  metallic  slabs  or  revolving  cylinders,  and  there  deposits 

2 


l 


18 


PETROLEUM   AND   MINERAL  OIL  INDUSTRY. 


its  carbon.  In  one  building  at  Gambler,  eighteen  hundred  burners  have 
been  used,  consuming  two  hundred  and  seventy-five  thousand  cubic  feet  of 
gas  per  twenty-four  hours. 

2.  OF  CRUDE  PETROLEUM. — As  petroleum  has  been  shown  to  be  a 
mixture  of  hydrocarbons  of  different  volatility,  the  first  operation  would 
naturally  be  to  eifect  a  partial  separation  of  these  hydrocarbons  by  a 
process  of  fractional  distillation.  But,  in  fact,  simpler  lines  of  treatment 
were  first  tried.  It  was  found  that  crude  oils  spread  out  over  warm  water 
in  tanks  and  exposed  to  the  sun  were  much  improved  in  gravity  and  con- 
sistency. This  process  was  chiefly  employed  for  the  production  of  lubri- 
cating oils,  and  the  products  were  called  "  sunned  oils."  This  was  followed 
by  the  application  of  methods  of  partial  evaporation  or  concentration  in 
stills,  either  by  direct  application  of  heat  or  by  the  use  of  steam  coils,  care- 
fully avoiding  overheating.  The  products  are  called  "  reduced  oils,"  and 
form  the  best  material  for  the  manufacture  of  high-grade  lubricating  oils. 
They  will  be  referred  to  again.  The  process  to  which  the  great  bulk  of 
crude  petroleum  is  submitted,  however,  is  that  of  fractional  distillation 
continued  to  the  eventual  coking  of  the  residue.  As  the  most  valuable 
of  the  several  distillates  is  that  which  is  to  be  used  as  illuminating  oil,  the 
percentage  of  that  distillate  obtainable  is  an  important  item  in  an  oil 
refinery.  A  normally-conducted  fractional  distillation  of  Pennsylvania 
petroleum  will  give  from  thirty-five  to  fifty-five  per  cent,  of  oil  suitable  for 
illuminating  purposes,  and  from  twenty  to  thirty  per  cent,  of  lubricating 
oils.  About  1865,  however,  it  was  found  that  if  during  the  distillation 
the  heavy  vapors  wrere  made  to  drop  back  upon  the  hot  oil  in  the  still  they 
became  superheated  and  were  decomposed.  This  process  of  destructive  dis- 

T/te  Results  of  a  Normal  Distillation  of  One  Hundred  Cubic  Centimetres  of  Crude  Oils  are 

thus  given  by  Engler : 


CRUDE  OIL  FROM 

Sp.  gr.  at 
17°  C. 

Began 
to  boil. 

Came  over 
under  150°  C. 

Between  150°  C. 
and  300°  C. 

Over  300°  C. 

Pennsylvania  (I.) 
Pennsylvania  (II.) 
Galicia  (Sloboda)  . 
Baku  (Bibieybat)  . 
Baku  (Balakhani) 
Alsace  (Pechelbronn) 
Hanover  (Oelheim) 

0.8175 
0.8010 
0.8235 
0.8590 
0.8710 
0.9075 
08990 

82°  C. 
74°  C. 
90°  C. 
91°  C. 
105°  C. 
135°  C. 
170°  C 

21     per  cent. 
31.5  per  cent. 
26.5  per  cent. 
23     per  cent. 
8.5  per  cent. 
3     per  cent. 

38.25  per  cent. 
35       per  cent. 
47       per  cent. 
38       per  cent. 
39.5    percent. 
50       per  cent. 
32       per  cent 

40.75  per  cent. 
33.5    per  cent. 
26.5    per  cent. 
39       per  cent. 
52       per  cent. 
47       per  cent. 

The  Commercial  Results  usually  obtained,  on  the  other  hand,  are  thus  stated  by  the  same 
Authority  (  Wagner's  Jahresbericht,  1886,^9.  1077). 


CRUDE  OIL  FROM 

Benzine  and 
volatile  oils. 

Burning  oil, 
first  quality. 

Burning  oil, 
second  quality. 

Residuum. 

Pennsylvania        ....        ... 

10  to  20 

60  t 

o  75 

5  to  10 

Galicia   

3  to  6 

55  t 

o  65 

30  to  40 

35  t 

D  45 

55  to  60 

Roumania 

4 

60  t 

o  70 

25  to  35 

Baku  (Bibieybat)     

10.5 

40 

13  5 

36 

Baku  (Balakhani)    

5  to  6 

27  to  33 

5  to  6 

50  to  60 

tillation  or  "  cracking"  allowed  of  a  notable  increase  of  the  illuminating 
oil  fraction  at  the  expense  of  the  lubricating  oil.     So  at  present   some 
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seventy-five   t<»  ei-htv   per  cent.  <»f  Imriiin^  nil    i^  nhtain.d,  while  the  re- 
siduuin  from  which  tin-  lul»rirat  iii<j  oil  is  «i<.Hni  i-  iv<lu.-,.|  t«>  six  per  cent 

A   general    iilltlilli-    nf    the    petl-nlrlMll     ivlinill-      prnci  —     a-    :i!     |.|V^|||     ,-,,||- 

diictc<l  is  |nv>rntr<l  iii  talnilar  furni  «>n  the aooompanTuiff  diagnuiL 

The  pn»-«»  i-  <j«  -in  Tally  <lividc<l  into  t  \\ «»  .|iiitc  «li-tin«-l  j»art.-.  Tlic 
Ix-n/inc  and  Ininiin-  nil  di-tillat«-  aiv  run  t'rnin  the  >ain«-  -till,  uhm  tin- 
fluid  ivsiduuiu  is  traii-frnvd  tn  what  an-  u-ually  rall«-d  "  iar--t  ill-,"  in  whirli 
the  rest  of  the  distilling  opcnitinn  is  cnndu<-t.  d. 

Fio.  2. 


Lateral  vertical  section  of  cylindrical  still. 


Transverse  vertical  section  of  cylindrical  still. 


The  crude-oil  stills  are  of  two  forms,  the  cylindrical  still  and  the 
"cheese-box'1  still,  as  illustrated  in  serti.m  in  Ki»rs.  2  and  :J,  although  the 
latter  is  little  used  any  more.  The  former  nm.-M-  «•!'  a  cylinder  of  hniler- 
plate,  the  lower  half  being  generally  of  steel,  thirty  ti-et  in  length  l>y  twelve 
feet  six  inches  in  diameter.  This  still  is  set  Imri/nntally,  as  shown  in  tin- 
sectional  view,  in  a  furnace  of  brick-work,  usually  so  constructed  that  the 
upper  part  of  the  still  is  exposed  tn  the  air.  The  "  cheese-box"  still  has  a 
body  and  dome-shaped  top  of  boiler-plate  and  a  double-curved  bottom  of 
steel  plate.  It  is  thirty  feet  in  diameter  and  nine  feet  in  height,  and  is 
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set  on  a   Beries  of  brick   arches.      Tin-   working  ,-harge  of  the  cylindrical 
stills    i>    about    six    huiidivd    banvU,    and    of    the    <-h<  •  -till-    about, 

double  that  ijiiantity.      Both  form-  of  -till-  an-   usually  provided  with  coils 
of  Bteam-pipes,    l>nth    cl<»-cd    and    |R'rforatc<l.       '1'ln-    -tram,    i--uin-j    in 
Inini  the  |)crf'nratcd  pipe,  lia^  IHM-II  ti.und  t«.  l'a<-ilitate  di>t illat i«>n  l>\ can-yin^ 
over  ineehanically  the  <>j|  vapm--. 

The  cnndcn>in_i;-  apparatus  vari«>  .-«»iiie\\  hat  in  the  details  of  its  const nu-- 
tion,    l>nt    cnnsi-ts   e— eniiallv    «.!  iU    «»t'    |»i|>e    iininei>ed     in    tank-, 

thi'oiioh  which  \\ater   i>    k<'|»t  tlMuin^-.      The  terminal    p..i-ti<,n-   ,,f  the  mn- 
densini;   pij>es  all  convcr^-  and   enter  the  receiving  house  within   a    i\ -\\ 


inches  of  each  other.  Near  the  extremity  of  each  a  trap  in  the  pipe  ifl 
made  for  the  pnrpi.se  of  carrying  away  the  incondensable  vapor.  This 
may  be  allowed  t<»  escape,  or  is  burned  underneath  the  boilers  or  stills, 
cflcctiiui-  thereby  a  lar^e  saving  in  fuel.  The  coiKlensin^  ]>ipcs  jrcncrally 
•  leliver  into  bnx-liUc  rcceptaelcs,  with  plate-^lass  sides,  through  which  the 
runnino;  of  the  distillate  can  be  «»b<erved.  and  from  which  test  portions  <  an 
be  taken  from  time  to  time  for  the  proper  cunt  ml  <>f  the  process. 

The  tar-stills  are  usually  of  steel,  cylindrical  in  shape,  holding  about 
two  hundred  and  sixty  barrels,  and  are  set  in  -roiip-  «,f  two  or  more,  sur- 
rounded by  brick-work.  They  are  either  upright  <>r  hori/outally  placed, 
usage  inclining  now  to  the  latter  position.  Vacuum— till-  have  been  and 
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are  still  used  to  some  extent,  especially  in  the  preparation  of  reduced  oils 
for  the  manufacture  of  lubricants  and  products  like  vaseline.  Of  course, 
the  evaporation  in  these  stills  takes  place  rapidly,  and  at  the  lowest  temper- 
ature possible,  insuring  a  fractional  distillation  and  not  a  decomposition. 
If  superheated  steam  be  used,  moreover,  instead  of  direct  firing,  it  is  pos- 
sible to  reduce  oils  to  26°  B.  without  any  production  of  pyrogenic  products. 
A  still  arranged  with  superheated  steam  is  shown  in  Fig.  4.  Continuous 

distillation  has  not 
proved  commercially 
success ful  in  the 
United  States.  In 
Russia,  on  the  other 
hand,  continuous  dis- 
tillation has  been  emi- 
nently s  u  c  c  e  s  s  f  u  1, 
being  especially  suited 
to  Baku  petroleum,  as 
the  quantity  of  burn- 
ing oil  separated  being 
comparatively  small, 
the  residuum  is  not 
very  much  less  fluid 
than  the  crude  oil. 
The  stills,  each  of  the 
capacity  of  four  thou- 
sand four  hundred  gal- 
lons, are  arranged  in 
groups  or  series  of  not 
more  than  twenty-five, 
as  shown  in  Figs.  5  and  6,  one  of  which  is  a  front  view,  and  the  other  a  section, 
and  a  stream  of  oil  is  kept  continuously  flowing  through  the  entire  number. 
The  crude  oil,  entering  the  first  still,  parts  with  its  most  volatile  constituents ; 
passing  into  the  next  still,  has 
rather  less  volatile  hydrocar- 
bons distilled  from  it,  and, 
finally,  flows  from  the  last  still 
in  the  condition  of  residuum, 
which  in  Russia  is  termed  as- 
tatki,  or  masut.  The  several 
stills  are  maintained  at  temper- 
atures corresponding  with  the 
boiling-points  of  the  products 
to  be  volatilized.  Super- 
heated steam  is  used  for  all 
the  stills,  the  steam  being  de- 
livered partly  under  the  oil 
and  partly  above  the  level  of  the  oil, — that  is,  in  the  vapor  space  above. 
The  fuel  used  under  all  the  stills  in  Baku  is  petroleum  residuum,  or  astatki. 
To  recur,  now,  to  the  products  of  the  first  rough  distillation  of  crude 
oil,  the  first  fraction,  known  as  the  "  benzine  distillate,"  and  amounting 
usually  to  twelve  per  cent,  of  the  crude  oil,  is  redistilled  by  steam  heat  in 
cylindrical  stills,  holding  five  hundred  barrels,  and  is  sometimes  separated 
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into  the   following   products :    cymogenr.    Ion     to    1  10°  B.  gravit\   ;   rhi-o- 

lene,  90    to  100°  B.  gravity  ;  gasolene,  80     t"  '.'<>    &  gravity ;  raphtEa, 

70°  to  7<j°  B.  gravity  ;   hen/inc,  liL'     t..  7<>     I',,  gravity. 

Tin-  time  occupied  in  working:  tlic  chaise  i-  alioiit  fo.ty-eight  hours. 
Tin-  percentage  oi'  the-e  product-  varies,  I'Mt,  a~  a  i-iilc,  amounts  to  about 
twenty-live  per  cent.  of  the  lirM  thivc  collectively,  rather  nioiv  than  t\\enty- 
tive  per  cent,  of  the  naphtha,  and  al>oiit  fortv  per  cent,  of  the  Len/ine. 
The  deodori/.ation  of  the  hen/inc  which  i.-  to  he  usM  for  -olvent  purpo-e- 
in  pharmacy  or  the  arts  is  effected  >oine\\  hat  after  the  manner  to  l,e  d,  ~,  riU  d 
under  hnrning  oils  by  the  action  of  sulphuric  acid.  Only  the  proportion 
of  acid  used  is  much  smaller  and  the  agitation  is  effected  by  revolving 
paddles  instead  of  by  an  air-blast.  One-half  of  one  per  cent,  is  sufficient 

FIG.  •;. 


in  this  case.  Other  processes  have  been  proposed  for  the  deodori/ati«m, 
such  as  the  use  of  mixtures  of  sulphuric  and  nitric  acids  with  alcohol, 
which  produce  ethereal  products  which  are  said  to  neutral i/e  and  dr-ti-oy 
the  benzine  odor. 

The  treatment  of  the  illuminating  oil  fraction  is  a  more  important 
process.  It  must  be  freed  from  the  empyrcumatic  products  resulting  In  mi 
the  distillation,  which  give  it  both  color  and  disagreeable  odor.  To  effect 
this  it  is  subjected  to  a  treatment  with  sulphuric  acid,  \\a-hiiiL:  with  water 
and  a  solution  of  caustic  soda.  This  operation  is  conducted  in  tall  cylin- 
drical tanks  of  wrought  iron,  lined  with  sheet-lead,  which  are  railed  "  agi- 
tators." The  bottom  is  funnel-shaped,  terminating  in  a  pipe  furnished 
with  a  stopcock  for  drawing  off  the  refuse  a< -id  and  soda  \\a-hini:.-.  The 
distillate  to  be  treated  must  be  cooled  to  at  least  b'0°  F.,  and  before  the 
main  body  of  acid  is  added  for  the  treatment,  any  water  pn-ent  must  he 
carefully  withdrawn.  This  is  done  1>\  Marring  the  agitation  of  the  oil  l>y 
the  air-pump  and  introducing  a  small  quantity  of  acid.  This  i-  allowed 
to  settle,  and  withdrawn.  The  oil  is  now  agitated,  and  about  one-half  of 
the  charge  of  acid  is  introduced  gradually  from  al>o\e.  The  agitation  is 
now  to  he  continued  as  l«mg  as  action  is  indicated  l>v  ri-e  of  temperature, 
when  the  dark  "sludge  acid"  is  allowed  to  -ettle.  and  withdrawn.  The 
remaining  portion  of  acid  is  added,  and  a  -econd  thorough  agitation  takes 
place.  The  whole  charge  of  acid  needed  for  an  average  diMillate  is  about 
<me  and  one-half  to  two  percent.,  or  about  six  pounds  of  acid  to  the  barrel  of 
oil.  The  acid,  as  drawn  on",  is  dark-blue  or  reddish-brown  in  color,  and 
is  charged  with  the  sulpho-compounds  of  the  olefines,  while  free  sulphur 
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dioxide  gas  is  present  in  abundance.  The  oil,  after  treatment,  consists  of 
the  paraffin  hydrocarbons  almost  freed  from  admixture  with  olefines.  In 
color  it  has  been  changed  from  brownish-yellow  to  a  very  light  straw  shade. 
The  oil  is  now  washed  with  water  introduced  through  a  perforated  pipe 
running  around  the  upper  circumference  of  the  tank.  This  water  perco- 
lates through  the  body  of  the  oil,  removes  the  acid,  and  is  allowed  to 
escape  in  a  constant  stream  from  the  bottom.  When  the  wash-water  shows 
no  appreciable  acid  taste  or  reaction,  the  washing  is  stopped,  and  about  one 
per  cent,  of  a  caustic  soda  solution  of  12°  B.  is  introduced,  and  the  oil  is 
again  agitated.  When  this  is  drawn  off,  the  oil  is  ready  for  the  settling 
tanks.  A  washing  with  water  after  the  soda  treatment  is  sometimes 
followed,  but  it  is  not  general.  A  washing  with  dilute  ammonia  is  also 
sometimes  used  to  remove  the  dissolved  sulpho-compounds.  The  settling 
tanks  are  shallow  tanks,  exposed  to  air  and  light  on  the  sides,  and  here  any 
water  contained  in  the  oil  settles  out,  and  the  oil  becomes  clear  and  brilliant. 
They  are  provided  with  steam-coils  for  gently  warming  the  oil  in  cold 
weather  to  facilitate  this  separation.  A  spraying  of  the  finished  oil  to  raise 
the  fire-test  by  volatilizing  a  small  quantity  of  the  lighter  hydrocarbon 
present  was  formerly  practised  at  this  stage,  but  exacter  control  of  the  dis- 
tillation has  rendered  it  no  longer  necessary. 

The  Lima  oil  and  Canadian  oil,  which,  as  before  stated,  contain  sulphur 
impurity,  cannot  be  refined  and  good  illuminating  oils  obtained  by  this  simple 
treatment  with  acid  and  alkali.  Various  methods  of  treatment  have  been 
proposed  and  patented  for  these  oils,  such  as  the  alternate  treatment  with 
litharge  and  caustic  soda,  distillation  over  finely-divided  copper  and  iron, 
and  other  substances  tending  to  combine  with  the  sulphur.  It  is  stated  that 
processes  now  in  use  are  successfully  purifying  the  Lima  oil  distillates,  but 
the  oil  is  mostly  sold  for  fuel  purposes.  This  latter  utilization  is  becoming 
one  of  great  importance.  Considered  at  first  as  unsalable,  because  of  the  diffi- 
culty of  refining  it,  much  attention  was  directed  to  the  fuel  possibilities  of  the 
oil.  A  pipe-line  now  conducts  the  Lima  oil  to  Chicago,  where  it  is  used  in  all 
classes  of  manufacturing  establishments  as  a  substitute  for  solid  fuel  with  great 
success  and  economy.  With  the  aid  of  injector  burners,  it  has  been  found  pos- 
sible to  use  it  in  smelting  and  annealing  furnaces,  in  all  kinds  of  forges,  in 
burning  brick,  tiles,  and  lime,  and  for  raising  steam  with  all  forms  of  boilers. 
It  is  used  in  these  burners  in  connection  with  either  steam  or  compressed  air. 

The  residuum  of  the  original  crude-oil  distillation  is,  as  was  said,  dis- 
tilled from  the  "  tar-stills."  The  first  runnings,  constituting  from  twenty 
to  twenty-five  per  cent.,  will  have  a  gravity  of  38°  B.,  and  are  returned  to 
the  crude-oil  tank  for  redistillation,  or  are  treated  and  purified  as  burning 
oil.  The  paraffine  oil  which  now  runs  over  may  be  caught  in  separate  lots 
as  it  deepens  in  color  and  increases  in  density,  or  it  may  be  all  received 
together  to  be  treated  in  the  paraffine  agitator  with  acid  and  purified  for  the 
separation  of  paraffine  wax.  The  agitator  in  this  case  must,  be  provided 
with  steam-pipes,  so  that  its  contents  can  be  kept  perfectly  liquid,  and  the 
charge  of  acid  is  larger,  amounting  to  three,  four,  or  even  five  per  cent. 
The  treatment  includes  the  usual  washing  Avith  water  and  soda  all  at  the 
proper  temperature.*  The  "  sludge"  becomes  quite  solid  on  standing,  and  is 

*  With  the  lubricating  oils  from  certain  crude  petroleums,  it  is  found  advantageous  not 
to  wash  after  the  acid  treatment,  but  to  treat  immediately  with  a  strong  caustic  lye  (of 
33°  B.),  and  then  to  wash  as  a  final  step.  This  is  said  to  prevent  the  emulsifying  of  the  oil 
and  water  which  sometimes  takes  place  and  greatly  retards  the  separating  out  of  the  oil. 
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not  worked  over.      After  -dtlim:,  tin-  paralline  oil    goe>   \tt  t  he  cliill-rnnins, 

where,  by  the  aid  of  the  ammonia  refrigerating  machines  and  the  circulation 

of  cooled  brine,  tin-  whole  ma--  i-  bmu-j-ht  t<»  a  -emi—  <»lid  e<  mdit  i"ii.  This 
i-  piv—  ed  between  lia-j-jiiin-  by  hydraulic  pre—  tire,  and  tin-  refined  heavy 
nil  which  drain-  nil'  i-  ••n||.-,-i,-.|  u  lubricatm-.:  nil.  It-  -jr.-ivitv  -Imuld  IM- 
about  :\'2  1L  fire-test,  32")  1\,  and  mid  te-t,  :;<»  1'.  The  pre'—cake  may 
he  broken  up,  melted,  and  ive,\  -talli/ed,  and  then  -iihmitted  t«.  -till  g] 
piv—  ure  at  a  higher  temperature  (  7<»  I1'.)  than  hef..,e,  \\  hen  it  i-  -j-ntini  a- 
"refined  wax."  To  convert  it  iutn  block  paralline,  it  mu-t  he  \\a-hed  with 
hen/.ine,  piv»ed,  melted,  and  tilten-d  thi'miLih  Imnc-hlark,  \\hcn  it  i~  -nttm 
perti-etly  (-nlnrlos  and  sulidifyin^  tn  a  hard,  trMii.-lucent  l>lnck.  The  char- 

acter- <»f   parMllillC   will    l>e   refrl'l'ed   tn    farther  nn. 

The  distillation  <»f  re-idnnni  i-  <-untiiiin-d  until  the  bnttnm  nf  the  still 
heeomes  red-hot,  when  yellow  vapor-  i—  u«-  from  the  tail-pipe,  and  a  dcn-e 
resinon-  prodn<-t,  of  M  li^ht-yellow  color,  and  nearly  solid  cnn-i-t.-n.-y,  di-- 
tils  over.  This  "yellow  wax"  contain-  ant  hraccnc,  ehry-.-ne,  piceiie.  and 
other  higher  pyro^enie  bydrooarbons.  Its  only  n-e  at  pre-cnt  i-  tn  add  it 
t«>  parafiine  nils  t<>  increase  density  and  lower  enld  te-t.  It-  chemical  char- 
acter will  l>e  referred  t«>  a^ain. 

The  coke  remaining  in  the  tar-still  at  the  end  nf  the  process  amoiint- 
to  about  twelve  per  cent.,  and  is  largely  used  in  the  manufacture  of  elect  rie- 
liii'ht  carbons.  Reduced  nils  gotten  by  careful  driving  ntV  of  the  li-ht 
frM<'tions  of  the  crude  petroleum,  without  cracking,  ;i-  -tated  be(i)re,  are  of 
great  value  as  lubricants.  They  are  generally  made  by  vacuum  di-tillation 
and  the  use  of  superheated  steam  in-tead  of  direct  firing.  They  are  either 
brought  into  the  market  at  once,  without  further  treatment,  ««r  after  a  bone- 
black  filtration.  This  production  of  filtered  oils  is  usually  combined  with  the 
manufacture  of  vaseline,  or  "  jiffm/ufiim,"  as  it  is  now  known  in  the  "  Tinted 
State-  IMiarmacopo'ia."  'Faking  a  vacuum  residuum  a<  the  raw  material, 
this  is  melted  and  run  on  to  filters  of  fine  granular  well-dried  bone-black. 
The  filters  are  either  steam-jacketed  or  are  placed  in  room-  heated  by  -team- 
coils  to  L  20°  F.  or  higher.  The  first  runnings  are  culm-less,  and  all  up  to 
tain  grade  of  eolor  go  to  the  manufacture  01  vaseline.  IJcymid  that  the  filtrate 
is  known  as  "filtered  cylinder  oil,"  and  is  used  as  a  lubricant  exclusively. 

3.  OF  OZOKERITE  AND  NATURAL  PAKAFFIM:.  —  The  (  ialician  o/nker- 
ite  is  in  the  main  a  natural  paraffin?,  but  contains  -oine  oil  in  mechanical 
admixture.  Until  within  ten  to  twelve  years  ago  it  wa-  \\orked  exclusively 
for  the  production  of  paraffine,  but  now  n<>t  more  than  nne-third  of  tin- 
annual  production  is  so  worked.  The  most  nf  it  is  distilled,  yielding  live 
per  cent,  of  ben/ine,  fifteen  tn  twenty  per  cent,  of  illuminating  oil,  fifteen 
per  cent,  of  "blue  oil,"  and  about  fifty  per  cent,  of  parafiine.  The  "  blue 
nil"  is  a  buttery-like  mixture  of  heavy  oils  with  parafiine  cry-tal-.and  «,,r- 
responds  to  a  paraffine  nil  as  distilled  from  petmleum.  It  is  run  int<»  filter- 
presses  and  ])re—  ed.  tir-t  cold,  and  then  the  pre—  cake  bmken  up  and 
piv--cd  warm  tn  renmve  the  adhering  nils.  I  f  the  parafiine  -cale  -•»  obtained 
is  to  be  worked  up  into  block  paraffine,  it  i-  repeatedly  treated  with  hen/ine 
of  not  over  .7S.">  specific  gravity,  and  pressed,  then  melted  and  filtered 
through  bone-black,  as  before  d.  -cribed  under  petroleum  parafiine. 

If  then/okerite  is  to  be  worked  up  a-  a  whole  into  the  wax-like  product 
known  as  r(,  -,>•/,,,,  the  operation  may  be  conducted  in  one  of  two  ways. 
The  older  method  was,  after  a  preliminary  melting  of  the  ozokerite,  to 
free  it  from  earthy  impurities,  and  continuing  the  heating  until  all  water 
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was  driven  out  of  the  melted  mass  to  treat  it  with  ten  per  cent,  of  sulphuric 
acid  as  long  as  sulphurous  oxide  was  evolved.  This  was  followed  by  treat- 
ment with  water  and  soda  solution.  To  more  thoroughly  separate  out  the 
black  carbonaceous  matter  produced  by  the  action  of  the  sulphuric  acid, 
one-half  to  one  per  cent,  of  stearic  acid  is  added,  and  this  then  saponified 
with  caustic  soda.  The  soap  so  formed  carries  down  all  carbonaceous 
matter  with  it,  and  allows  the  ceresine  to  be  filtered  clear  by  using  filter- 
paper.  The  product  is  the  Yellow  Ceresine,  much  resembling  beeswax.  The 
White  Ceresine,  resembling  bleached  beeswax,  is  gotten  by  melting  the  yellow 
ceresine  by  the  aid  of  steam,  digesting  it  with  bone-black,  with  frequent 
stirring,  and  filtering  through  paper.  The  newer  method,  more  frequently 
followed  now,  is  to  extract  the  ozokerite  with  benzine  and  ligroine.  The 
forms  of  apparatus  devised  for  this  purpose  allow  of  a  complete  exhaustion 
of  the  ozokerite  mass  and  a  subsequent  recovery  of  the  solvent  used  in  the 
extraction. 

The  natural  paraffine  that  separates  spontaneously  from  crude  petroleum, 
and  accumulates  at  times,  as  before  mentioned,  in  pipe-lines,  etc.,  is  chiefly 
used  as  a  basis  for  the  manufacture  of  vaseline  and  similar  products,  being 
melted  and  filtered  through  bone-black,  as  already  described. 

4.  OF  NATURAL  BITUMENS  AND  ASPHALTS  AND  OF  BITUMINOUS 
SHALES. — The  pitch  or  natural  bitumen  from  the  Island  of  Trinidad  is 
exported  largely  to  the  United  States,  where  it  is  used  in  the  manufacture 
of  roofing  materials  and  of  asphalt  pavements.  It  yields  from  one  and 
three-fourths  to  two  and  a  half  per  cent,  of  paraffine  on  distillation,  and 
contains  sulphur  as  an  in  variable  constituent.  Efforts  made  to  manufacture 
illuminating  and  other  oils  from  the  pitch  have  failed  of  practical  results. 

The  use  of  the  Albertite,  from  New  Brunswick,  in  1857,  prior  to  the 
discovery  of  Pennsylvania  petroleum,  when  it  was  distilled  by  the  Downer 
Kerosene  Company,  of  Boston,  for  illuminating  oils,  and  its  present  use  as 
a  gas-coal  enricher  have  been  referred  to. 

Very  much  more  important  are  the  industries  based  upon  the  distillation 
of  bituminous  shales.  As  these  shales  do  not  contain  either  liquid  or  solid 
hydrocarbons  as  such,  but 'much  more  complex  compounds  called  bitumens, 
the  distillation  is  exclusively  a  destructive  one,  and  the  character  of  the 
distillation  products  becomes  dependent  upon  the  conditions  of  the  opera- 
tion, temperature  being  the  most  important  consideration.  The  theory  of 
destructive  distillation  will  be  entered  upon  at  length  later  (see  p.  329),  and 
we  will  here  only  say  that  for  paraffine  and  illuminating  oil  production  the 
distillation  is  essentially  a  low-temperature  one. 

The  material  originally  used  in  Scotland  was  Boghead  coal,  or  the 
Torbane  Hill  mineral  from  Bathgate,  near  Glasgow,  which  was  exhausted  in 
1872.  This  yielded  thirty-three  per  cent,  of  tar  or  oily  distillate  and  one 
to  one  and  one-half  per  cent,  of  crude  paraffine.  At  present  shales  are 
used,  which  furnish  about  thirteen  per  cent,  of  tar.  The  material  for  the 
German  paraffine  production  is  an  earthy  brown  coal,  which,  when  dry,  is 
of  a  light-brownish  or  yellowish  color  and  crumbling  character  ;  it  yields  on 
an  average  8.1  per  cent,  of  tar  and  .6  per  cent,  of  paraffine.  The  shales  are 
usually  distilled  with  some  steam,  which  increases  the  amount  of  the  tar,  as 
well  as  the  ammonia  from  the  shale.  The  distillation  may  be  intermit- 
tent, but  in  Scotland  is  now  carried  on  in  a  continuous  process  by  the  two 
methods  devised  by  Henderson  and  by  Young  &  Beilby  respectively,  the  ex- 
hausted shale  being  dropped  from  the  bottom  of  the  upright  retort  into  a 
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rombostion-chamber  beneath.  As  the  spent  -h;il»  sometimes  contains  as 
much  as  twelve  to  fourteen  per  cent,  of  carbon,  this  with  tin-  uneond.-u^-d 
gas  of  tlu*  distillation,  suHiers  for  fin-1.  The  a<-compaii\  in-  illustration 
-hows  the  form  of  still  int  rodiie.-d  by  Young  <V  Meilhy  I'm-  -hale  di-til- 
latioii.  (See  Fig.  7.)  The  several  product-  of  the  distillation  aiv  (  1 
which  is  fn-ed  from  gasolene  vapors  by  passing  through  a  coke  tower, 
down  which  heavy  nil  i>  trick  linn-  ;  (2),  watery  or  aminoniaeal  liquor,  which 
is  obtained  to  the  amount  of  >i\ty-tivr  to  ei-hty  gallons  per  ton  of  -half, 
and  yields  fn.ni  fourteen  to  eighteen  pounds  of  sulphate  of  ammonia  JMT  ton 
worked  ;  (."»),  oily  liquor,  or  tar  proper,  of  dark-iriveni-h  color,  and  ran- in- 
from  .Si;.")  to  .880  in  specific 
gravity,  varying  in  amount 
from  thirty  to  thirty-three 
o-allons  j)cr  ton  of  shale  used. 
This  is  distilled  in  east-iron 
stills  holding  from  two  hun- 
dred to  t  w<  >  t  h<  msa  nd  gallons, 
for  the  purpose  of  purifying 

it,  until  only  coke  amounting 

to  five  to  ten  per  cent,  of 
the  tar  is  left.  The  mixed 
distillates  (the  paraffine 
ma-ina  beinji:  added  to  the 
others),  according  to  the 
usage  of  the  German  para  I'- 
ll m  -works,  are  stirred  with 
two  per  cent,  by  volume  of 
caustic  soda  solution  in  or- 
der to  take  up  phenols  and 
'•  creasote,"  together  with 
other  acid  products;  the 
soda  washings  drawn  otf' 
below,  and  the  supernatant 
liquid,  after  washing  with 
water,  is  agitated  with  five 
per  cent,  of  sulphuric  acid. 
The  refined  oil  is  now  frac- 
tionally distilled.  The  first 
fraction  (specific  gravity  .150 
to  .68)  is  a  gasolene  used  for 
carburet  ting  illuminating 
LI; i- ;  the  second  (specific 
gravity  .OS  to  .70)  is  naph- 
tha, used  as  a  solvent ;  the  third  (specific  gravity  .81  to  .82)  is  illuminating 
oil;  the  fourth  lubricating  oil  (specific  -ravitv  .805  to  .900).  The  next 
distillate1  solidifies  on  cooling,  yielding  brown  crystals  of  hard  paraffine, 
whose  mother-liquor,  removed  by  a  tilter-pn  ^.  is  "  blue  oil,"  whence  more 
but  soft  crystals  can  be  obtained  by  artificial  refrigeration.  The  mother- 
liquid  of  these  is  again  treated  with  vitriol  and  soda  and  distilled;  the 
earlier  fractions  constitute  heavy  illuminating  oil,  the  later  lubricating  oil. 
The  percentage  of  solid  paratline  gotten  from  the  crude  shale  oil  is  from 
eleven  to  twelve  and  a  half  per  cent.  The  shale  oil  does  not  yield  any 
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product  corresponding  to  vaseline.  B.  Hiibner,  a  German  paraffine  manu- 
facturer, believing  that  the  distillations  of  the  process  just  described  act 
injuriously  upon  the  quantity  and  hardness  of  the  paraffine  obtained,  has 
modified  the  process  as  follows  :  He  treats  the  crude  shale  oil  with  sulphuric 
acid,  and,  after  the  separation  of  this,  distils  the  oil  over  several  per  cent. 
of  slacked  lime.  After  the  crystallization  of  the  paraffine  from  the  distillate, 
it  is  purified  by  washing  with  shale  oils  and  pressing.  He  thus  avoids  one 
distillation  and  obtains  a  larger  yield  of  paraffine,  distinctly  harder  in  char- 
acter than  the  usual  product. 

In  the  Scotch  shale-works  the  distilled  oil  is  treated  first  with  sulphuric 
acid  and  then  with  caustic  soda,  as  in  the  purifying  of  petroleum  oils,  and 
then  fractionally  distilled.  These  fractions  are  again  treated  with  acid  and 
alkali  before  being  considered  pure  enough  for  the  market.  In  some  works 
(as  those  at  Broxburn)  continuous  distillation  is  practised,  so  that  a  set  of 
three  boiler  stills  and  two  residue-  or  coking-stills,  used  together,  can  put 
through  thirty-five  thousand  gallons  of  crude  oil  per  day.  The  solid 
paraffine,  by  careful  processes  of  extraction,  can  be  brought  up  to  twelve 
and  a  half  per  cent. 

HI.  Products. 

1.  FROM  NATURAL  GAS.  —  (a)  Fuel  Gas.  —  The  great  value  of  natural 
gas  as  fuel  for  manufacturing  and  industrial  purposes  has  only  been  realized 
in  the  last  few  years,  but  with  that  realization  its  introduction  as  cheap  fuel 
has  been  extraordinarily  rapid.  In  Western  Pennsylvania  and  Ohio,  par- 
ticularly in  Pittsburg  and  its  vicinity,  it  has  for  manufacturing  purposes 
almost  entirely  displaced  coal  and  coke.  That  a  gaseous  fuel,  the  admix- 
ture of  which  with  air  can  be  perfectly  effected  and  controlled,  should  be 
superior  to  solid  fuel  is,  of  course,  readily  conceded.  That  natural  gas, 
largely  made  up  of  methane  and  similar  hydrocarbons,  is  one  of  the  best 
of  gaseous  fuels  is  seen  from  the  accompanying  table,  prepared  by  a  com- 
mittee of  the  American  Society  of  Mechanical  Engineers  : 

Table  showing  Comparative  Effects  of  Different  Gas  Fuels. 

Number  of  cubic  feet  needed 


Hydrogen  .............  183.1  293 

Water  gas  (from  coke)   .......  153.1  351 

Blast-furnace  gas  ..........    51.8  1038 

Carbonic  oxide      ..........  178.3  313 

Marsh  gas  .............  571.0  93.8 

The  comparison  of  its  work  with  that  accomplished  with  solid  fuel,  as 
carried  out  at  the  works  of  Carnegie,  Bros.  &  Co.,  in  Pittsburg,  is  also 
given  by  the  same  committee.  Using  the  besi^selected  coal,  and  charging 
the  furnace  in  such  manner  as  to  obtain  the  best  results,  the  maximum 
with  coal  was  nine  pounds  of  water  evaporated  to  the  pound  of  coal  con- 
sumed. "  In  making  the  calculations,  the  standard  seventy-six-pound 
bushel  of  the  Pittsburg  district  wras  used  ;  six  hundred  and  eighty-four 
pounds  of  water  were  evaporated  per  bushel,  which  was  60.90  per  cent,  of 
the  theoretical  value  of  the  coal.  When  gas  was  burned  under  the  same 
boiler,  but  with  a  different  furnace,  and  taking  a  pound  of  gas  to  be  equal 
to  23.5  cubic  feet,  the  amount  of  water  evaporated  was  found  to  be  20.31 
pounds,  or  83.40  per  cent,  of  the  theoretical  heat-units  were  utilized." 

(6)  Illuminating  Gas.  —  The  processes  for  converting  natural  gas  into 
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illuminatm-  gafl  have  aln-:i«ly  been  ivf.-nvd  to,  :iml  tin-  M'  Kav  A   (   ritchlow 
pmcc.--  id  -.-ribed  in  detail.      The  production  by  thi-  pi  i   p.-niianent 

gas  -howing   no  coiidcn-ation   of  vapor-    at    the  drips  and    of  ci^hi.,  11    to 

twenty  candle-power,  is  said  to  have  bem  d«-iimn-ti-at«-d  at    Beaver   Falls 

I'M.,  and  cl>e\\  IK-IV. 

(«•)  /<(nnjt-l>tin-l:.  —  Tin-  burning  of  natural  -a~  -o  a-  to  caii-c  -eparation 
of  carhuii,  which  i>  then  mllo-tcd  a.-  lamp-black,  ha~  IM.II  n  f,  m  d  to. 
Tin-  lamp-black  s<»  niaiiufiictiiivd  ha-  L.-.-n  -li.i\\n  to  be  of  pvat  purity.  It 
iscihl 


\\  ith  \\at«-i\  din-  u..t  «  •<.!<•  r  rt  her,  and  i-  t'iv«-  1'ntm  »»il\  matter.  A 
-ample  «>t'  it  analy/cd  l.y  I  'mtessor  J.  W.  Mallet,  of  tin-  I'mvrr-ity  ni'  \"\r- 
<rinia,  irave  the  following  results  :  Specific  gravity  at  17  (  ..  alt.  i  <  .,mpl.  t« 
exhaustion  of  air,  1.729.  The  percentage  of  composition  \\a-  a>  t'ollo\\-  : 

('arl)on     ........................... 

llxilr.'i;'1!!    ...........................  Ql( 

Nitrogen     ...........................  0.776 

Carl>"ii  !ii"ii<>xide  ........................  1 

Carbon  dioxide  .........................  !.::*»; 

Water  .............................  • 

Ash  (Fe2O,  and  CuO)  ......................  0.056 


99.940 

(W)  Electric-light  Carbons. — Still  another  use  for  carbon  from  natural 
i;-a.-  is  the  manufacture  of  carbons  for  electric  are-li^hts  the  purity  of  the 
material  making  a  very  pure  and  uniform  carbon  pencil  possible. 

2.  FROM  PETROLEUM. — The  names  of  commercial  products  ol.tained  from 
petroleum  have,  of  course,  been  alnmst  infinitely  varied,  as  cadi  maniitiu-turer 
has  his  trade  names  for  his  special  products.  We  shall  only  de-i-nate  the 
generally-accepted  classes  of  products.  Beginning  with  the  lightest,  w»-  have  : 

Oymogene,  gaseous  at  ordinary  temperature.-,  but  li«|iietiable  1»\  cold  <,r 
pressure.  Boiling-point,  0°  C.  (32°  F.).  SpeeiHe  gravity,  110°  B.  Used 
in  the  manufacture  of  artificial  ice. 

Rhigolene,  condensable  by  the  use  of  ice  and  -alt.  BoOing-point, 
18.3°  C.  (65°  F.).  Specific  gravity,  0.60  or  100°  B.  Used  as  an  ana— 
thetic  for  medical  purposes. 

Petroleum  M/m-  (Sherwood  oil).— Boil  ing-point,  40°  to  70°  C.  SpcvinV 
gravity,  .650  to  .660,  or  85°  to  80°  B.  Used  as  a  -olv.-nt  for  caoutchouc 
and  fattv  oils,  and  for  carbuietting  air  in  'ja>-machines. 

Gasolene  (canadol).— Boiling-point,  7n°  to  !M)°  C.  Specific  gravity,  .660 
to  .690,  or  80°  to  75°  B.  Used  in  the  extraction  of  oil  from  oil-sc<ils  and 
in  oarburetting  coal-^a-. 

Najilifli't  (Danforth's  oil).— Uoi ling-point,  80°  to  110°  C.  Specific 
gravity,  .690  to  .700,  or  76°  to  70°  B.  l"-ed  for  burnin-  in  vapOMtOTCfl 
and  street-lamps,  as  a  solvent  for  resins  in  making  varnishes  and  in  the 
manufacture  of  oil-cloths. 

/.;,,,•„;,„>—  P,oiling-point,  80°  to  120°  C.  Specific  gravity,  .710  to  .;.;«>. 
or  67°  to  62°  B.  For  solvent  purposes  in  pharmacy  and  for  burning  in 
sponge-lamps. 

Benzine  (deodorized). — Boiling-point,  120°  to  150°  C.  Specific  gravity. 
.730  to  .750,  or  62°  to  57°  B.  Used  as  a  substitute  for  turpentine,  for 
cleaning  printer-'  tvpe,  and  for  dyers',  scourers',  and  painters'  use. 

Burning  Oil,  <>r  I\>  roxcne. — The  ditlerent  1  turning  oils  are  known  oft<  n 
by  special  names,  of  which  the  numlxT  is  legion,  but  they  are  graded  by 
the  American  petroleum  exporters  chiefly  aeon-ding  to  the  two  standards OI 
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color  and  fire-test.  The  colors  range  from  pale-yellow  (standard  white)  to 
straw  (prime-white)  and  colorless  (water-white).  The  fire-tests  (see  p.  33),  to 
which  the  commercial  oils  are  mostly  brought,  are  110°  F.,  120°  F.,  and 
150°  F. ;  that  of  110°  going  mainly  to  the  continent  of  Europe  and  to 
China  and  Japan,  and  that  of  120°  to  England.  An  oil  of  150°  F.,  fire- 
test,  and  water-white  in  color,  is  known  in  the  trade  as  "  headlight  oil." 
An  oil  of  300°  F.,  fire-test,  and  specific  gravity  .829,  is  known  as  "  mineral 
sperm,"  or  "  mineral  colza  oil."  "  Pyronaphtha"  is  a  product  from  Rus- 
sian petroleum,  somewhat  similar  to  mineral  sperm  oil.  It  has  a  specific 
gravity  of  .865,  and  fire-test  of  265°  F. 

Lubricating  oils  from  petroleum  have  assumed  an  importance  which 
is  increasing  every  year.  Some  crude  petroleums,  like  those  of  Franklin 
and  Smith's  Ferry,  Pa. ;  Mecca,  Ohio ;  Volcano,  W.  Va.,  and  other  local- 
ities, are  natural  lubricating  oils,  requiring  little  or  no  treatment  to  fit  them 
for  use.  The  other  petroleum  lubricating  oils  are  gotten  in  one  of  two 
ways.  Either  by  driving  oif  the  light  hydrocarbons  from  the  crude  oil, 
yielding  what  is  called  a  "  reduced  oil'7  (see  p.  25),  or  they  are  the  oils 
gotten  by  distilling  the  petroleum  residuums  in  tar-stills  (see  p.  25). 

The  lightest  of  the  lubricating  oils,  varying  in  gravity  from  32°  B.  to 
38°  B.,  are  frequently  called  "  neutral  oils."  They  are  largely  used  for  the 
purpose  of  mixing  with  animal  or  vegetable  oils,  and  it  is  therefore  neces- 
sary that  they  should  be  thoroughly  deodorized,  decolorized,  and  deprived 
of  the  blue  fluorescence  or  "  bloom"  characteristic  of  petroleum  distillates 
that  contain  paraffine.  The  first  two  results  are  accomplished  by  bone- 
black  filtration,  the  last  in  various  ways,  such  as  treatment  with  nitric  acid, 
addition  of  small  quantities  of  nitro-naphthalenes,  etc. 

Heavier  lubricating  oils  are  called  "  spindle"  and  "  cylinder"  oils.  The 
most  important  characters  to  be  possessed  by  these  oils  is  high  fire-test,  low 
cold-test,  and  a  high  viscosity.  (See  analytical  tests,  p.  33.) 

In  the  matter  of  lubricating  oils  the  Russian  products  are,  it  is  now 
admitted,  distinctly  superior  in  most  respects  to  the  American.  This  is  be- 
cause of  the  entire  difference  in  the  chemical  composition  of  the  two,  the 
hydrocarbons  characteristic  of  the  Russian  oil  being  heavier  and  showing 
less  tendency  to  solidify  at  low  temperatures  than  those  of  the  American 
oils.  The  following  statement  from  Boverton  Redwood  will  illustrate  this  : 

Viscosity  Viscosity        Loss  in  viscosity, 

at  70°  F.  at  120°  F.  per  cent. 

Russian  oil  (sp.  gr.  .913) 1400  166  88 

American  oil  (sp.  gr.  .914) 231  66  71 

Russian  oil  (sp.  gr.  .907) 649  135  79 

American  oil  (sp.  gr.   .907) 171  58  66 

Kussian  oil  (sp.  gr.  .898) 173  66  67 

American  oil  (sp.  gr.  .891) 81  40  50 

Refined  rape  oil  (for  comparison) 321  112  65 

It  is  true  that  the  disproportion  is  chiefly  at  lower  temperatures,  the  Rus- 
sian oil  losing  its  body  relatively  faster  than  the  less  viscous  American  oil. 

Paraffine  differs  somewhat  in  its  hardness  and  melting  point  according 
to  the  source  from  which  it  is  derived.  The  petroleum  paraffine  is  manu- 
factured generally  in  three  qualities,  fusing  at  125°  F.  (51.6°  C.),  128°  F. 
(53.3°  C.),  and  135°  F.  (57.3°  C.),  respectively,  paraffine  from  shales  melts 
at  56°  C.,  while  that  from  Rangoon  tar  melts  at  61°  C.  and  that  from 
ozokerite  at  62°  C.  The  harder  varieties  are  bluish-white,  translucent, 
and  glassy  on  the  surface,  while  the  softer  varieties  are  alabaster-white,  dull 
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in  lustre  and  only  trail-lucent  \\hen  healed.  '1  he  hard.-r  varietie-  an- 
re-oiiant.  I 'a  ratline  i-  n-adily  -..bible  in  ether,  b.  n/,  nr.  and  all  li-ht  h\  dn . 
carbon-,  ethereal  and  lattv  oiU  ;m,|  carbon  dinilphide,  n..i  entirely  in  aU.,- 
Inte  alcohol  ;  while  ordinary  alcohol  only  take-  ii|»  3.6  per  .-.  nt.  .,t'  it. 
It  mixes  with  Mearine.  spermaceti,  and  wax  in  all  proportion-.  Kxp.-«d 
i'or  some  time  under  a  slight  pressure  to  a  temperature  l»eln\\  it-  m«  hin- 
point,  paralline  wax  under-, ,,~  a  m«  .l.-mlar  change  and  become-  n 

parent  ;  hut  upon  a  change  oi  temperature,  or  upon  being  struck,  the  original 

translucent  appearance  r«-tiirns. 

The  harder  variety  ol'  paralline  i-  n-ed  chiefly  in  candle-makin-,  for 
which  purpose,  however,  a  -mall  proportion  (live  per  cent.)  of  -tciri<-  a«-id 
inns!  l>e  adde<l  to  it  to  prevent  the  -ottenin^  and  I  tending  ol'  t  he  eandle.  It 
is  also  used  for  finishing  calicoes  and  woven  ^-ond.-,  to  the  .-nrfaee  nf  \\hi<-|i 
it  imparts  lustre.  '1'lie  softer  varieties  are  n-ed  f..r  mixing  with  \\ax  and 
>tearic  acid  in  candle-making,  lor  the  preparation  of  t  rail-lucent  and  water- 
proof paper  of  all  grades,  i'nr  impregnating  Swedish  matehe-.  fur  the  adul- 
teration of  "  chewing-gums,"  and,  in  recent  year-,  for  "  enlh-nra-je"  or  extract- 
ing delicate  pcrfunus  from  Howers. 

3.  FROM  OXOKKIMTI:  AND  XATI  KAI.   I'AKAI  i  IM:. — The  charact. 
several  of  the  products  now  obtained  from  ( ialician  o/okerite,  vi/.,  illuminat- 
ing and  lubricating  oils  and  paralline,  has  IKVII  snlliciently  d«-eril.Ml  under 
othei- heads.     The  peculiar  ])rodnct  known  afl  Cfenefffl*, gotten  troni  o/«»k<  rite 
without  distillation,  remains  to  be  deserihed.      It  resemble-    beeswaj 
greatly  in  appearance,  but  is  of  lower  sju-cific  gravity,  ran^inir  from  .!•!"•  to 
.!••_'">,  while  wax  is  irom  .963  to  .969.     The  fusing  point  of  reresine  \. 
from  68°  C.  to  80°  C.    Ceresine,  with  a  fusing  p<»int  of  over  75°  ( '.,  >ho\\  -  a 
fracture  and  structure  like  that  of  wax.      Its  behavior  to  water,  alcohol,  ether, 
chloroform,  iatty  and  ethereal  oils  is  exactly  like  that  of  paratlinc.      <  '<  re-ine 
is  extensively  used  as  a  substitute  for  wax  as  well  as   for   most  of  the  uses 
be  1 'ore  »-iven  for  paraffine.     It  is  commended  especially  for  the  formation  of' 
matrices  for  ^alvano-plastic  work,  proving  in  this  respect  superior  to  irutta- 
pcrcha.     It  is  also  being  used  instead  of  irntta-percha  tor  hydrofluoric  acid 
bottles. 

4.  FROM   BriT.MKNs,  ASPHALTS,    AND    l>rn  MiN<>rs  SHAI.KS. — It  is 
only  Irom  the  latter  of  these  that   products  of  commercial   importance  are 
derived.     From  the  crude  shale  oil,  already  described,  the  following  products 
are  obtained  : 

X/mle  Oil,  Benzine. — Specific  jrravity  .77  to  .79,  boiling-point  80°  to 
JM)°  C.,  is  colorless,  of  ethereal  odor,  and  slightly  peppermint-like  ta-t.  . 
It  is  used  somewhat  as  a  cleansing  benzine,  but  mainly  in  the  purity  in-  of 
the  shale  paraffine. 

rhotufjnH-  (shale-  naphtha).— Specific  gravity  .SOU  to  .Sl<),  boiling-point 
lt")°  to  K>()°  (\,  has  a  slight  ethereal  (nlor  and  peppery  taste,  It  di— o|\-, - 
sulphur,  phosphorus,  iodine,  l;it-.  resins,  caontchoiic.  etc.  It  i-  n-ed  BOOie- 
what  for  illuminating  purposes  and  for  dissolving  the  liit  trom  buiie-  and 
bleaching  them  in  the  preparation  of  artificial  ivory. 

Solar  oil  comes  into  the  market,  according  to  (Irotow-ki,  in   two  gr: 
known  as  i>r'nn<i  and   wiimltf   oils,  one  with    specific  gravity   .S'Jo    to  .> 
and  a   boiling-p(n'nt   17-")°  to  180°  C.,  and  the  other  with  -peeitie   gravity 
.830  to  .835  and  a  boiling-point  1D5°  to  200°  C.     The  oils  are  of  slight, 
yellowish  color,  and  on  exposure  to  air  and   light    lo<e  their  free  burning 
qualities,  somewhat  through  the  re.-inilying  of  the  trace  of  creosote  which 
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may  remain  in  them.  The  fire-test  of  the  solar  oil  is  generally  above  100°  C., 
and  they  are  in  general  both  cheap  and  excellent  burning  oils. 

Paraffine  OU. — The  paraffine  itself  has  been  described  under  a  previous 
heading.  The  expressed  paraffine  oil  is  used  considerably  as  a  lubricating 
oil,  but  is  of  greatest  importance  for  gas-making.  The  gas  from  this 
paraffine  oil  is  especially  rich  in  illuminating  hydrocarbons  and  is  free 
from  the  ordinary  impurities  of  coal-gas.  It  is  extensively  manufactured  in 
Germany,  in  the  Hirzel  and  Pintsch  forms  of  apparatus,  and  in  England  by 
the  Pintsch,  Keith,  and  Alexander  &  Patterson  processes,  and  compressed 
for  use  in  railway  carriages,  etc.  Its  characters  will  be  referred  to  more 
especially  under  the  heading  of  illuminating  gases. 

5.  VASELINE. — This  product  (petrolatum  of  the  United  States  Phar- 
macopoeia and  unguentum  paraffini  of  the  German  Pharmacopoeia)  may  be 
obtained  from  several  of  the  raw  materials  already  mentioned.  In  the 
United  States,  as  the  name  petrolatum  indicates,  it  is  a  petroleum  product 
and  may  be  called  "  natural  vaseline,"  as  it  is  merely  a  purified  preparation 
of  naturally  existing  petroleum  constituents  ;  in  Germany,  and  elsewhere  in 
Europe,  it  is  either  extracted  from  other  sources  (pomade  ozokerine),  or,  as 
the  name  unguentum  paraffini  indicates,  it  is  an  "  artificial  vaseline"  made 
by  the  solution  of  paraffine  in  paraffine  oil.  American  vaseline,  as  made 
by  the  Chesebrough  Company  and  others,  is  gotten  by  taking  a  vacuum 
residuum  (see  p.  25)  and,  without  any  treatment  with  sulphuric  acid  or 
other  chemicals,  simply  filtering  it  through  heated  bone-black.  In  this  way 
the  amorphous  character  of  the  hydrocarbons  is  not  changed  and  no  crys- 
talline paraffine  is  produced,  as  would  be  the  case  if  it  were  a  distillation 
product,  and,  moreover,  no  traces  of  sulphonic  acids  can  remain  from  the  acid 
treatment  to  interfere  with  its  use  as  a  basis  of  medicinal  ointments.  The 
petrolatum  of  the  United  States  Pharmacopoeia  may  be  either  a  soft  variety, 
melting  at  40°  C.  (104°  F.),  or  a  firmer  variety,  melting  at  51°  C.  (125°  F.). 

The  German  vaseline,  or  unguentum  paraffiniy  is  made  by  taking  one  part 
of  ceresine  (paraffinum  solidum)  and  dissolving  it  in  three  parts  of  a  paraffine 
shale  oil,  known  as  "vaseline  oil"  (paraffinum  liquidum).  This  artificial 
vaseline,  as  Engler  and  Bohm  have  shown,*  easily  becomes  granular  on 
chilling,  and  shows  its  composite  nature  moreover  by  readily  separating  on 
distillation  into  ceresine  and  oil.  The  natural  vaseline  has  greater  homo- 
geneity and  is  more  viscous,  although  at  high  temperatures  it  seems  to  absorb 
more  oxygen  then  the  artificial  preparation.  At  temperatures  not  exceeding 
30°  C.  the  oxygen  absorption  seems  to  be  practically  nothing  in  either  case. 

Vaseline  is  largely  used  in  pharmacy  and  medical  practice  as  a  basis  of 
ointments  and  pomades. 

IV.  Analytical  Tests  and  Methods. 

1.  FOR   NATURAL   GAS. — These  are  the  methods  employed  for  the 
analysis  of  all  varieties  of  illuminating  gas,  and  will  be  referred  to  under 
that  heading.     (See  p.  368.) 

2.  FOR  PETROLEUM. — For  liquids  in  general,  the  two  constants  most 
characteristic    are   specific   gravity   and   boiling-point.       For    commercial 
petroleum  products,  which  are,  of  course,  mixtures  of  hydrocarbons,  the 
second  becomes  of  only  secondary  importance,  while,  with  reference  to 
their  uses  as  illuminants,  the  element  of  safety  comes  into  consideration,  so 

*  Dingier,  Poly  tech.  Journal,  262,  p.  468. 
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that  what  is  called  "flash-point"  and  "Inn-urn;:  point,"  !<>-,  -ili«-r  included  in 
what  i>  known  a>  "  tiiv-i,  M."  In-comes  important.  For  lnl.n.  at  in-  oiU.  the 
consistency  nr  body  determined  in  the  \  1  ~« -o-i  I  \  -t«  -i  and  iln-  "  «-,,ld-i.  ~t. 
pnint  to  which  they  can  he  chilled  without  -eparatin-  paratline,  an-  ini|...r- 
tant.  Fur  paratline  and  >o|id  product-  the  inciting:  point  and  amount  «\' 
oil  enclosed  are  important.  And  for  all  classes  the  color  i-  a  not  miim- 
pOltant  gauge  of  purity ,  S.  tliat  tin-  analytical  tc-t-  for  petroleum  pn  dud- 
may  he  summed  up  under  the  following  head-: 

Specific  gravity. 

Fin  -tot,  including  flash-point  and  burning  point. 

Cold-test 

Viscosity. 

Melting  point. 

Compression-test 

Colori metric  tests. 

(a)  Specific  Gravity  Determination*. — While,  of  course,  th<-  methods  of 
the  specific  gravity  hottle  and   the  specific  gravity  halanee  an-  availal.le.  tin- 
determinations  are,  in  the  case  of  the  liquid  petroleum  product-,  alnm-t  uni- 
versally  made  with  hydrometers,  and  these  maybe  of  t\\o   kind-,  either 
graduated  so  that  specific  gravities  are  read  oil'  direct   in    decimal    fractions 
less  than  one,  or  graduated  in  the  arbitrary  scales  of  Beamix'.  lirix.  <  iav- 
Lnssae,  or   Twaddle,  the  relations  of  which    to  simple    fractional    specific 
gravity  nn nibers  is  known.     In  America  and    K'u-sia    the   iMauiiM'   Bttli 
universally  adopted ;    in  Germany,  the   Brix   spindle  i-    u-i  d    officially  by 
customs  otlicers  ;  in  France,  the  Gay-Lussac  ;  and  in  Finland,  the  Pn-aimn'- 
scale  for  liquids  lighter  than   water,  and  the   Twaddle  for  liquids  heavier 
than  water.     For  the  formulas  for  conversion  of  nadin^sof  the-e   -cale> 
into  specific  gravity  figures  and  for  a  complete  table  of  Beauine  degree!  in 
comparison  with  the  corresponding  specific  gravity  figures,  see  Appendix. 
The    use    of    direct   specific    gravity   hydrometers  is  gradually   extending, 
especially  in  Germany,  as  they  do  away  with  the  necessity  of  all    nduction 
tables.      The  specific  gravity  tables  for  liquids  lighter  than  water  are  calcu- 
lated for  a  temperature  of  60°  F.,  and  in  practice  it  is  customary  to  add  to 
or  subtract  from   the  observed   specific  gravities  .004   for   every    10°  F. 
above  or  below  60°   F.,  and   this  is  found  to  afford  a  sufficiently   close 
approximation  to  the  truth  for  all  commercial  purp»».-o  in  the  case  of  all 
the  ordinary  petroleum  products. 

(b)  Fire-test. — Just  as  crude  petroleum  is  dangerous  because  of  the  dis- 
solved  gases,   although    its   specific   gravity    may   be    relatively    high,  so 
illuminating  oils  may  give  off,  at  temperatures  far  below   their   boiling- 
point,  small  amounts  wf  inflammable  vapors,  which  might   make  these  oils 
dangerous  for  use  in   lamps  where   the   oil    reservoir   gradually   becomes 
warm.     This  does  not  necessarily  presuppose  designed  admixture  of  ben- 
zine or  volatile  distillates   with   the   burning  oils.     Fractional   distillation 
must  be  very   often  repeated   to  give  sharp   separations   of    liquids    with 
gradually  increasing  boiling-points.     What  is  gotten  may  be  predominantly 
of  one  compound,  but  a  little  of  higher  and  lower  boiling-point  is  carried 
over  with  it.     Two  points  may  be  determined  with  a  petroleum  oil,  the 
rinxhimj  i»>int,  or  the  temperature  at  which  the  oil  gives  off  vapors  which, 
mixing  with  air,  cause  an  explosion  or  flash  of  flame,  dying  out,  however, 
at  once,  and  the  burning  point,  or  the  temperature  at   which  a  spark   or 
lighted  jet  will  ignite  the  liquid  itself,  which  then  continues  to  burn.     The 
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later  point  is  usually  6°  to  20°  C.  higher  than  the  former,  but  there 
is  no  fixed  relation  between  them.  The  danger,  of  course,  begins  when 
an  oil  will  flash,  so  the  flash-point  is  generally  taken  as  the  basis  of  legal 
prescription;  Austria  and  the  New  York  Produce  Exchange  alone  recog- 
nize formally  the  burning-test  instead  of  the  flash-test.  Most  European 
countries  and  most  of  the  States  in  the  United  States  prescribe  a  flash-test. 
The  United  States  have  no  national  regulation  on  the  subject. 

The  different  forms  of  apparatus  in  use  to  determine  the  safety  of  oils 
are  based  upon  either  one  of  two  principles, — the  direct  determination  of 
flash  or  burning  point,  or  the  determination  of  the  increased  tension  of 
vapor  which  the  oil  shows  as  the  temperature  rises.  The  second  class  is 

represented  by  a  single  form 
of  apparatus,  that  of  Salleron- 
Urbain,  used  to  some  extent  in 
France;  the  first  class  is  rep- 
resented by  a  dozen  or  more  dif- 
ferent forms,  chiefly  of  Ameri- 
can, English,  and  German 
invention.  The  earliest  form, 
that  of  the  Tagliabue  open- 
cup  tester,  is  shown  in  Fig.  S, 
in  which  the  glass  cup  I), 
holding  the  oil  to  be  tested, 
is  heated  by  the  water-bath 
A.  When  the  thermometer, 
the  mercury  of  which  is  just 
immersed,  indicates  90°  F. 
(32°  C.),  the  spirit  lamp  is 
withdrawn  and  the  tempera- 
ture allowed  to  rise  more 
slowly  to  95°  F.  (35°  C.), 
when  a  lighted  splinter  of 
wood  is  passed  to  and  fro 
over  the  surface  of  the  oil. 
If  the  gas  rising  from  the  oil 
does  not  ignite,  the  water-bath 
is  heated  again  and  tests  are 
made  when  the  thermometer 
indicates  100°  F.  (38°  C.), 
104°  F.  (40°  C.),  and  108°  F. 
(42°  C.).  A  flash  at  108°  F. 
is  considered  as  marking  the 
oil  at  110°  F.  flash-test.  This 
form  was  the  first  one  offi- 
cially adopted  in  the  United 
States,  and  is  still  used  some- 
what in  Germany  and  Aus- 
tria. The  New  York  Produce 
Exchange  and  the  American 

petroleum  inspectors  have  now  adopted  an  open-cup  tester,  known  as  the 
Say  bolt  tester,  in  which  the  electric  induction-spark  is  made  to  pass  over 
the  top  of  the  open  oil-cup.  It  is  shown  in  Fig.  9.  F  is  a  water-bath,  the 
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temperature  of  which  i-  noted  by  an  independent  thermometer.  Although 
this  was  a  decided  improvement  on  the  fir-t  Tajiabiie  apparatn-,  it  uas 
i'oimd  that,  like  the  other  open-eiip  apparatn-,  it  -ave  reading-  \\liirli 

were  variable  and  higher  than  it'  the  top  of  the  enp  \\eiv  e«,\,red.    This 

!('<!    to    the    -tlldv    of    tile    \\llole   -IlLjeet      by    Sir    i'Yedenelv     Abel,    at    the     re.ple-t 

of  the  English  government,  and  the  adoption  by  the  Kn-li-h  government 
as  their  official  standard  of  the  AbeJ  tester.  Tin-  ha-  rinoe  been  adopt,  d 
by  the  German  government  as  well,  and  i-  eon-idrivd  l>y  manv  to  U-  the 

mnst  exact  now  iii  use.  It  i-  shown  in  Fiir.  1().  The  i'ollo\\  iip_r  i-  a  de- 
scription of  the  details  of  the  apparatn-:  "  The  oil-cup  OOnsisti  of  a 


Pro. 


cylindrical  ve--rl,  two  inches  in  diameter,  two  and  two-tenth-  inches  hi^h 
(internal),  with  ontwai'd  projectm-:  rim  five-tenths  inch  wide.  tluve-eiLihth- 
inch  from  the  top,  and  one  and  sevcn-ei^liths  inchc-  from  the  l.ottom  of 
the  cup.  It  is  made  of  ^mi-metal  or  brass  (17  l'>.  \V.  ( i.),  tinned  in-ide. 
A  bracket,  c<.ns'st!nir  oi'  a  -lion,  stout  piece  of  \\ire,  Ix-nt  iijtward,  and 
termiuntin.i;-  in  a  point,  is  fixed  to  the  inside  of  the  cup  to  serve  as  a  gan<:e. 
The  distance  of  the  point  from  the  bottom  of  the  ctip  is  one  and  a  half 
inches.  The  cup  is  provided  with  a  close  -fitting,  overlapping  cover,  made 
of  brass  (22  P>.  \Y.  (i.),  which  carries  the  tin  rmoineter  and  t«  -t-lamp.  The 
latter  is  suspended  from  two  supports  from  the  side  by  means  of  trunnions, 
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upon  which  it  may  be  made  to  oscillate ;  it  is  provided  with  a  spout,  the 
mouth  of  which  is  one-sixteenth  of  an  inch  in  diameter.  The  socket  which 
is  to  hold  the  thermometer  is  fixed  at  such  angle,  and  its  length  is  so  ad- 
justed, that  the  bulb  of  the  thermometer,  when  inserted  to  full  depth, 
shall  be  one  and  a  half  inches  below  the  centre  of  the  lid.  The  cover  is 
provided  with  three  square  holes,  one  in  the  centre,  five-tenths  inch  by  four- 
tenths  inch,  and  two  smaller  ones,  three-tenths  inch  by  two-tenths  inch, 

close  to  the  sides  and  opposite 
each  other.  These  three  holes 
may  be  closed  and  uncovered  by 
means  of  a  slide  moving  in 
grooves  and  having  perforations 
corresponding  to  those  on  the  lid. 
In  moving  the  slide  so  as  to  un- 
cover the  holes,  the  oscillating 
lamp  is  caught  by  a  pin  fixed  in 
the  slide  and  tilted  in  such  a  way 
as  to  bring  the  end  of  the  spout 
just  below  the  surface  of  the  lid. 
Upon  the  slide  being  pushed  back 
so  as  to  cover  the  holes,  the  lamp 
returns  to  its  original  position." 
Not  only  are  all  the  dimensions 
of  parts  in  the  Abel  apparatus 
prescribed  most  minutely,  but 
the  method  of  carrying  out  the 
test  must  be  followed  in  minute 
particulars  in  order  to  get  accu- 
rate results.  The  opening  and 
closing  of  the  slide  must  be  regu- 
lated either  by  a  seconds  pendu- 
lum or,  as  in  the  official  German 
apparatus,  by  exact  clock-work. 
It  gives  a  flash-test  which,  on 
the  average,  is  27°  F.  lower  than 
that  of  the  open-cup  apparatus, 
so  that  73°  F.  Abel  test  is  taken 
as  the  equivalent  of  100°  F.  open- 
cup,  test. 

A  German  apparatus,  which 

seems  to  be  fully  as  exact,  and  simpler  in  its  construction  and  operation,  is 
Heumann's  tester,  shown  in  Fig.  11.  In  it  the  results  are  to  a  considerable 
degree  independent  of  the  dimensions  of  the  oil-cup,  size  of  flame,  temper- 
ature of  the  water,  etc.  This  apparatus  shows  to  what  temperature  a  speci- 
men of  petroleum  must  be  heated  through  and  through  in  order  that  the 
vapor  given  off  may  suffice  to  make  an  explosive  mixture  with  a  volume 
of  air  exactly  equal  to  the  volume  of  oil.  The  glass  oil-vessel,  g,  is  set 
direct  in  the  metallic  water-bath,  b,  and  is  exactly  half-filled  with  oil  with 
the  aid  of  a  measure  accompanying  the  instrument.  The  agitating  paddles, 
c,  agitate  the  oil  and  the  air-and-vapor  mixture  independently.  The  little 
flame  or  lamp  for  igniting  the  explosive  mixture  is  attached  to  a  button 
at  d,  and  here  is  a  small  hole  through  which  the  gas-and-air  mixture  escapes, 


ANALYTICAL  TESTS  AND  METHODS. 


37 


and,  when  ignited,  yield-  a  tlaine  al»unt  I'm-  millim-t  P-  lii-jli.  In  making 
tin-  feet  all-  I'  agitation  «.f  the  mixture,  the  hnttuii,  /;,  i-  pn  --,-d  down  until 
the  little  tlaine  is  pushed  beluw  tin-  -urlac.-,  \\lini.  if  the  tenijterat  i, 
flashing  has  l>een  reached,  it  i'jnit.-  the  e\plo-i\r  mixture  uf  ail'  and  vapor, 
and  is  Mown  uut  in  turn  l.y  the  -light  pull'  uf  the  explo-i,,n.  The  appa- 
ratu-  is  -aid  tu  give  iv-nlt-  a-ivcin-  perfectly  \\ith  tln.-e  -c.ti.n  \\ith  the 
inure  euniplieated  hut  uilieial  Aln-|  te-irr.  Other  t'urni-  «•!'  a|»|»aratu-  an- 
those  uf  I'Ji-lei-  ia  el,  ,-cd  te-i  a  |  >|  >a  fa  1 1 1 .-  with  the  Savlmlt  eleotlio  -|»ai'k 
attaehnient  ),<•('  l*arri>h,  u-ed  in  Holland,  and  uf  I  Jerii-trin. 

X'ietur  Meyer  tir.-t  adupted  the  prinriplc  that  tin-  true  lla-li-puiiit  of  a 
peti-uleinn  is  that  teinperatui-e  at  which  air,  shaken  with  petroleum,  can  In- 
ignited  by  a  small  name,  and  prupusrd  the  thorough  a^itatiun  uf  the 

warmed  oil  to  be  toste<l  \\ith  air  be- 
fore applying  the  tlaine.  The  -impl.-t 
i'urin  uf  apparatus  in  which  tin-  prin- 
ciple is  applied  is  the  Ma-h-te-ter  uf 
Stoddard,  shown  in  Fig.  12.  The 
air-current  escapes  from  a  tine-drawn 
opening  in  the  glass  tube,  and  mn-t 
raise  a  foam  several  millimetre-  in 
height  on  the  surface  of  the  oil.  The 
cylinder  containing  the  oil  may  be  a 
small  Argand  lamp-chimney,  and  the 

FIG.  12. 


FIG.  11. 


whole  apparatus  is  lowered  into  a  water-hath.  The  little  jet  of  flame  is 
passed  to  and  fro  over  the  opening  at  the  top  of  the  chimney,  while  the  ther- 
mometer, immersed  in  the  oil,  is  read. 

(c)  Cold  Text. — This  is  applied  chiefly  to  lubricating  oils.  The  execution 
of  it  with  Tagliabue's  standard  oil-frcc/er  is  shown  in  Fi^.  !•'».  The  gl;i  — 
oil-cup,  four  inches  in  depth  and  three  inches  in  diameter,  is  adjusted  to  a 
rocking  shaft,  seen  at  the  side  of  the  cup,  so  a-  t»  .-how  l»y  it-  motion 
whether  the  oil  is  congealing  <>r  not.  Surrounding  the  oil-cooling  chamlK-r 
is  the  ice-chamber,  and  outside  of  this  is  a  non-conducting  jacket  tilled 
with  mineral  wool.  Three  thermometers  are  used  :  one  in  the  oil-cup  and 
the  other  two  in  the  ice-chamlx-r  to  either  side.  Two  stopcocks  below, 
communicating  with  the  cooling-chamber,  allow  of  the  fun-ing  in  of  warm 
atmospheric  air  to  raise  the  temperature  within  when  neee— ary.  A  glass 
door  in  the  side  opposite  the  oil-cup  allows  of  the  reading  of  the  ther- 
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mometer  without  opening  the  cooling-chamber.  The  cold-test  is  also  fre- 
quently applied  by  simply  taking  the  oil  in  a  sample  bottle,  the  diameter  of 
which  is  about  one  and  a  half  inches,  chilling  it  in  a  freezing  mixture,  and 
noting  the  temperature  at  which,  on  inclining  the  tube,  the  oil  no  longer 
flows,  or  that  at  which  the  separation  of  paraffine  commences. 

(d)  Viscosity  Test. — As  before  stated,  the  "  viscosity"  or  body  of  a  lubri- 
cating oil  is  one  of  its  most  important  characters.  Its  determination  is, 
therefore,  to  be  made  with  great  care.  The  earlier  forms  of  apparatus 
consisted  simply  of  glass  tubes,  of  pipette  form,  which,  being  filled  with  oil 
to  a  certain  mark,  were  allowed  to  empty  while  the  time  was  accurately 
noted.  The  pipette  was  set  in  a  hot-water  funnel  or  similar  vessel,  and 


FIG.  13. 


the  water  in  this  outer  vessel  brought  to  60°  F.,  so  that  the  observation  on 
the  oil  might  be  at  a  standard  temperature. 

Other  forms  are  those  of  Coleman,  Mason,  and  Redwood,  in  England, 
and  F.  Fischer  and  C.  Engler,  in  Germany.  The  Redwood  viscosimeter, 
a  very  accurate  instrument,  will  be  found  described  and  illustrated  fully  in 
"  Allen's  Commercial  Organic  Analysis"  (2d  ed.,  vol.  ii.  p.  1 98).  The  Fischer 
viscosimeter  is  shown  in  Fig.  14.  The  outer  vessel,  B,  having  been  filled 
with  warm  water,  the  oil-vessel,  A,  has  placed  in  it  about  sixty-five  cubic 
centimetres  of  the  oil  sample,  filling  it  to  a  mark  on  the  inside.  When  the 
thermometer,  immersed  in  the  oil,  shows  the  proper  temperature,  fifty  cubic 
centimetres  are  allowed  to  run  into  a  graduated  flask  placed  below  and  the 
time  required  for  its  flow  noted.  The  exit-tube,  a,  consists  of  a  platinum 
tube  1.2  millimetres  wide  and  5  millimetres  long,  which  is  surrounded  by 
a  wider  copper  tube.  This  exit-tube  is  enlarged  conically  at  either  end, 
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above  t<>  allow  i.f  tli<-  cln^ing  by  the  cnnical  pin-,  A,  and  below  to  allow  of 
better  flow  of  the  escaping  nil.  In  the  Kn^lcr  iiiMnmu-iit,  illnM rat.  d  in 
l-'ig.  I"),  still  greater  caiv  i-  taken  to  insure  aOCUIBfa  m«  a~mvment  of  the 
Volume  of  oil  Operated  upon,  and  that  it  -hall  flow  under  exactly  similar 
conditions  in  comparative  i,~i~.  T\\<>  hnndivd  and  forty  cubic  centimetres 
nt'  water  lill  the  inner  vc— d  JIIM  to  the  mark  <•,  and  when  the  temperature 
ot'  L'U  ( '.  (08°  F.)  is  reached,  two  hundred  ciil.ie  centim,  t  r.-  an-  run  out 
into  the  ve.-scl  below.  'The  oil  to  be  te-ted  is  Hinilarlv  tilled  in  to  the  mark, 
and  when  the  temperature  20°  ('.  is  readied,  alter  keeping  tin- nil  at  tlii>  <br 
sninr  three  minutes,  the  pin-,  A,  is  \\ithdra\\n.and  t\\o  hundred  cubic  centi- 
me tres  are  run  into  the  vessel  below,  while  tin-  time  re<jnired  is  a<-eurately 

Fio.  16. 


Fio.  14. 


noted.  This  time  in  seconds,  divided  by  the  time  in  seconds  required  tor  the 
running  «>f  the  same  volume  of  water,  gives  the  speeitie  visen>ity  or  viscosity- 
grade,  as  En«rler  terms  it. 

The  lubricatini:  value  of  oils  can  be  determined  best  by  actual  use  upon 
the  surfaces  where  friction  is  felt,  and  instruments  to  determine  such  value 
are,  therefore,  based  upon  experimental  trials  of  the  diminution  of  friction  on 
moving  surtiico.  when  covered  by  the  oils  to  be  compared.  Such  an  inMrn- 
ment  is  the  well-known  Thm-M-m  lubricating  oil-tester,  shown  in  l-'i^-.  1'i, 
in  which  both  the  resistance  in  the  speed  ot' revolution  of  a  rotating  a\i>  din- 
to  friction  and  the  heating  of  the  axis  and  the  I  waring  in  which  it  rotates  are 
measured. 

(e)  Melting  Point. — The  "melting  point"  of  paratline  should  rather  be 
called  the  congealing  point,  as  what  is  taken  usnallv  is  the  temperature  at 
which  the  sample,  after  having  been  melted,  and  while  in  the  pmc. 
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ing,  begins  to  solidify.  The  American  test  is  conducted  by  melting  sufficient 
of  the  samples  to  three-fourths  fill  a  hemispherical  dish  three  and  three- 
fourths  inches  in  diameter.  A  thermometer  with  a  round  bulb  is  suspended 
in  the  fluid  so  that  the  bulb  is  only  three-fourths  immersed,  and  the  ma- 
terial being  allowed  to  cool  slowly,  the  temperature  is  noted  at  which  the 
first  indication*  of  filming,  extending  from  the  sides  of  the  vessel  to  the 
thermometer  bulb,  occurs.  The  English  test  is  made  by  melting  the 

sample  in  a  test-tube  about  three-quarters  of 
an  inch  in  diameter,  and  stirring  it  with  a 
thermometer  as  it  cools,  until  a  temperature  is 
reached  at  which  the  crystallization  of  the 
material  produces  enough  heat  to  arrest  the 
cooling,  and  the  mercury  remains  stationary 
for  a  short  time.  The  results  afforded  by  this 
test  are  usually  from  2J°  to  3°  F.  lower  than 
those  furnished  by  the  American  test.  The 
melting  point  is  also  sometimes  determined  by 
observing  the  temperature  at  which  a  minute 
quantity  of  the  sample  previously  fused  into  a 
capillary  tube,  and  allo\ved  to  set,  becomes 
transparent  when  the  tube  is  slowy  warmed  in 
a  beaker  of  water. 

(/)  Compression  Test. — Paraffine  scale  usu- 
ally contains  oil  and  sometimes  water.  The 
percentage  of  oil  is  determined  by  subjecting  a 
weighed  quantity  of  the  material  to  a  given 
pressure  for  a  specified  time  and  noting  the 
loss  in  weight.  The  test  is  made  at  60°  F.,  the  quantity  of  material  employed 
five  hundred  grains,  the  pressure  is  nine  tons  over  the  whole  surface  of  the 

FIG.  17. 


circular  press-cake,  five  and  five-eighths  inches  in  diameter,  and  this  pressure 
is  maintained  for  five  minutes,  the  oil  expressed  being  absorbed  by  blotting- 
paper. 
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(V/)  Cotwiim-frir  '/\-xtx. — The  color  of  petroleum  oil  i-  dct.-rmined  in  the 
United  Slate-  (a-  regard-  oil  for  export),  in  Midland,  and  in  Kn.—ia  (in  the 
case  of  oil  for  export)  mainly  l.v  the  n-r  of  the  \Vil-on  e|irom,,m«-ti-r.  In 
(id-many  they  n-c  Loth  a  modification  under  the  name  of  the  \\  il-on- 
Lndolph  ohromometer  and  Stammer's  colorimeter.  The  NViUon  iiMrmnent, 
shown  in  I^i-.  17  and  l-'ii;-.  IS,  is  fitted  with  two  parallel  tnU-s,  fni-ni-he<l 
with  _Li-la>s  cap-,  and  at  the  lower  end  of  the  ml,.-  i-  a  -mall  mirror  l>v 
nn-ans  of  which  li^ht  can  l>e  reflected  upward  through  the  tulM-s  with  an 
eye-piece.  One  of  these  tubes  is  completely  filled  with  the  oil  to  he  tested 
and  beneath  the  other  tube,  which  remains  empty,  i<  placed  a  di>I<  of  Mained 
glass  of  standard  color.  On  adjusting  the  mirror  and  looking  into  tli 
piece  the  circular  field  is  seen  to  be  divided  down  the  centre,  each  half 
being  colored  to  an  extent  corresponding  with  the  tint  <>1  the  oil  and  of  the 

Fio.  18. 


glass  standard  respectively.  An  accurate  comparison  of  the  two  colors 
can  thus  be  made.  The  glass  disks,  which  for  the  English  trade  are  of  five 
shades  of  color,  termed  good  merchantable,  standard  white,  prime  white, 
superfine  white,  and  water  white,  are  issued  by  the  Petroleum  Association  of 
London.  In  Germany,  the  Bremen  Exchange  recognizes  seven  shades  of 
color, — str.iw,  li^-ht  straw,  prime  light  straw  to  standard  white,  prime  light 
straw  to  white,  standard  white,  prime  white,  and  water  white. 

3.  FOR   OZOKERITE. — The  physical   tests  are  the  same  as  those  for 
paraffine  scale. 
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STATISTICS. 

1.  FOR  NATURAL  GAS. — The  wonderful  rapidity  with  which  the 
natural  gas  production  and  utilization  has  been  pushed  in  the  last  five  years 
in  Pennsylvania,  Ohio,  and  adjacent  States  makes  it  difficult  to  present  any 
figures  that  represent  present  values  or  show  the  varied  industries  with 
which  its  uses  has  been  associated.  The  figures  given  in  the  reports  of  the 
United  States  Geological  Survey  on  "  Mineral  Resources  of  the  United 
States"  represent  the  approximate  value  of  the  coal  displaced  in  use  by 
natural  gas.  The  industrial  utilization  may  be  said  to  have  begun  in  1882, 
and  for  the  first  three  years  values  only  are  given,  while  from  1885  on  both 
quantities  and  values  are  given  as  taken  from  the  reports  on  "  Mineral 
Resources  of  the  United  States." 

Years.              Location.  Amount.  Amount.  Total. 

1882.  Pittsburg  region  .  .  $75,000  elsewhere.  .$140,000  $215,000 

1883.  Pittsburg  region  .  .  200,000  elsewhere  .  .    275,000  475,000 

1884.  Pittsburg  region  .  .  1,100,000  elsewhere  .  .    360,000  1,460,000 

Short  tons.  Valued  at 

1883.  Pennsylvania  ...     3  000,000  $4,500,000 

Elsewhere     ....        131,600  357,200          4,857,200 

1886.  Pennsylvania  .    .    .     6,000,000  9,000,000 
Elsewhere     ....        453.000  1,012,000         10,012,000 

1887.  Pennsylvania  .    .    .     8,883,000  13,749,500 
Elsewhere     ....        984,000  2,068,000         15,817,500 

1888.  Pennsylvania,  12,443,830  short  tons  ;  Ohio,  750,000  short  tons  ;  Indiana, 

660,000  short  tons ;  elsewhere,  210,000  short  tons  ;  total  coal  displaced, 
14,063,830  tons,  valued  at  $22,629,878. 
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2.  Fou  I'KTIHU.KI-M.— The  oil-firld-  pf  lYnii^  Ivauia  and  .\.\\  Y,,rk 
were  alni"M  the  only  producing  0068  prior  to  Issil.  \\ln-n  the  <  >hi<»  and 

California    production    l.cgan  to  develop,  >•.   t he  ligim -    up  to  ISM;  an-   n.,t 

given  in  detail ;  after  thai  tin-  producing  Siai<-  an-  indicated.     The  annual 

production,  according  to  tin-  "  Keport    <>n    Mineral    K<  sources  of  the  I'liiled 
States,"  has  been  in  barrels  (forty-two  galloi 

r.urrels.  Valued  at 

1882 ,00 

1888 28. 1",  i 

1884 L' I  <•-'... 758 

1885 L'l  >}•_'.<> II 

1886.  Pennsylvania  and  N.-W  fork.  26, 798,000 bar?     :  \\  .   :  V  ! 

OOO'lmnvis;    Ohio,   1,7-  rreU  ;  California,  877,146  baw 

i.tln-r  Stat«-s.  •")(). (MM);  t,,tal.  L's.lHU  1  •',  baRdl  :    valil.-,| 

1887.  IV-iiii-ylvaiiia    and     N.-W     V..rk.    L':i.:;.".r..r.i:;     Lain-!-:    \V.-I     N'ir^iniu, 

I4ot000  I»:IIT«'|>  :    Ohio,   5,018,015  LanvU  :    California,  •;7H.:,7>J   |,ar- 
rels  ;   <>th«T  State-.    r>[,Sl7    |.arn-l>;    t-.tal.    L'S.LM'.t.-'.'.iT    l.arn-1- :  valin-,1 

it  $18,866,806 

1888.  Prnn-yhania   and   New    York,    16,491,088   ban.  K  :    \V.-t    Virginia, 

119,448  barrels  j  ohi...  10,010,868  l.am-U -.  California.  7<u. •;!••  • 
rels;    otln-r    Stafs,  '20,000    barrels;    total.    27,340,018:    valu.-d    ,,t 
$24,598,559. 

The  pnxluction  in  the  Pennsylvania,  New  York.  \V.  M  Virginia,  and 
Ohio  fields  (exclusive  of  Lima)  for  the  year  ISS!)  and  the  fn>t  half  of  1X90, 
on  the  authority  of  the  National  Transit  Company.  \va>  as  follows: 

Total  Daily  Average, 

barrels.  Barrels. 

1889.  In  Pennsylvania,  New  York,  AVest  Virginia, 

and  Ohio  (outside  of  Lima  field).    .    .    .  21,994,261 

In  the  Lima  (Ohio)  field 11,837,189                    431 

First  half  of  1890.  Pennsylvania,  N«-w  York.  \\ 

Virginia,  and  <  >h'io  (outside  of  Lima  field)  13,941,213              77.023 

In  the  Lima  (Ohio)  field 6,116,244              88,7l»l 

During  the  second  half  of  1890  the  production  in  the  Pennsylvania  and 
New  York  fields  increased  so  that,  aeeonlino-  to  Stowell's  Petroleum  Re- 
porter, the  da ilv  average  for  the  \<ar  lSJM)\v;i-  7s.."»ss  l.an-els.  or  a  pro- 
duction for  the  year  1890  of  27,984,620  l»arr«  U. 

In  an  estimate  of  the  pres«  nt  e<>ud 't'ons  of  the  petroleum  industry 
aeeount  must  he  taken  of  the  aeeumulated  stork.-  <d'  prtrolrum  held  by  the 
pipe-line  companies,  as  that  <an  he  drawn  upon  to  compensate  f<»r  drtirirn- 
cies  in  present  ju-oduetion.  The  figures  given  In-low  are  the  M«»rk-  held  l»y 
the  companies  at  the  dates  assigned.  They  an-  for  Pennsylvania  and  New 
York  oil  only,  and  are  from  Stowell's  r,-t,'nl<-tnn  //»y/o/7»/-: 

January  1.  18S5,  37,««»<i.l2«  barrel-.  January  1,  1889,   1^  995,8]  t  Imrrels. 

January  1,  1S8»;,  34,428,841  l)arrcls.  .January  1,  ls'.u».    H..'.I;L»..V.»:J  ImrreU. 

.January  1.  1SS7,   :i4. 1  :•»•,. r.o.'i  Larn-ls.  .Januarv  1.  IV.M.    10,682,807  barr 

January  1, 1888,  28,006,211  barrels,  April    '  1,  1891,  10,939,163  bam-U. 

At  the  same  time  the  stocks  of  Lima  (( )hio'i  oil  are  increasing,  so  that  the 
deficiencies  in  Pennsylvania  and  New  York  oil  are  alioiit  made  up,  although 
the  oil  is  not  of  the  same  refining  value.  These  stock-  were: 

January  1,  1890 1 4. lo:..  149  barrels. 

January  1,  1891 2«». '.'71  .:','.•:.  b:in-.-N. 

April  1,  1891 1' 1. '.'.-,7. !»48  barrels. 

The  exportations  of  petroleum  and  petroleum  product-  from  the  United 
States  for  the  last  five  years,  according  to  the  United  States  Bureau  of  Sta- 
tistics, have  been  as  follows  : 
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Year  end- 
ing June 
30,  1886. 

Year  end- 
ing June 
30,  1887. 

Year  end- 
ing June 
30,  1888. 

Year  end- 
ing June 
30,  1889. 

Year  end- 
ing June 
30,  1890. 

Crude  petroleum  (gallons)  .  .  . 

76  346  480 

80650  286 

77  549  452 

72  987  383 

95  350  653 

Valued  at     

85,068,409 

85,141,833 

$5,454,705 

$5  083,132 

$6  744  235 

Naphtha  and  light  oils  (gallons)  .... 
Illuminating  oils  (gallons)  
Lubricating  oils  (gallons)    

14,474,961 
485,120,680 
13,948,367 

12,382,213 
485,242,107 
20,582,613 

13,481,706 
455,045,784 
24,510,437 

14.100,054 
502,257,455 
25  166  913 

12,937,433 
523,295,090 
30  162  522 

Residuum  and  tar  (gallons)       

1  993,908 

2,989  098 

1  870  596 

1  683  fi54 

o  222  472 

Value  of  refined  products 

$43  076  795 

$46  898  842 

$48  105  703 

$44  830  545 

$44  658864 

The  value  of  the  paraffine  and  paraffine  wax  exported  from  the  United 
States  for  the  last  five  years  has  been  as  follows:  1886,  $1,729,313; 
1887,  $2,032,713 ;  1888,  $2,168,247  ;  1889,  $2,029,602  ;  1890,  $2,408,709. 
The  quantities  exported  during  the  last  two  years  above  quoted  were :  For 
year  ending  June  30,  1889,  33,826,575  pounds  ;  for  the  year  ending  June 
30,  1890,  48,552,551  pounds. 

Next  in  importance  to  the  oil-fields  of  the  United  States  are  those  of 
Russia.  The  production  of  crude  oil  in  the  Baku  district,  according  to 
Hofer,  has  been  in  metric  centners  (100  kilos.,  or  220.4  pounds),  and  in 
barrels  (1  barrel  =  1.38  metric  centners). 


1882.  8,190,400m.  c.,  or  5,934,556  barrels. 

1883.  9,828,480  m.c.,  or   7, 121 ,468 barrels. 

1884.  14,678,912  m.  c.,  or  10,563,510  barrels. 


1885.  18,018,880  m.  c.,  or  13,056,024  barrels. 

1886.  20,148,384  m.  c.,  or  14,599,008  barrels. 

1887.  22,666,500  m.  c.,  or  16,425,000  barrels. 


The  production  for  1888  and  1889  is  given  in  the  United  States  Con- 
sular Reports  as  21,000,000  barrels  and  24,000,000  barrels  respectively, 
and  for  the  first  ten  months  of  1890,  on  the  authority  of  the  Baku  Caspia 
(as  quoted  by  Stowell's  Petroleum  Reporter,  January,  1891),  24,408,770 
barrels. 

The  shipments  from  Baku  for  the  years  1888  and  1889  are  thus  re- 
ported in  the  United  States  Consular  Reports  for  May,  1890  : 

To  Russia.  For  Export.  Total. 

1888.  Gallons.  Gallons.  Gallons. 

Illuminating  oils 125,270,660  132,929,333  258,299,993 

Benzine  and  gasolene    .    .    .         456,042  5,205  461,247 

Crude  oil 33,616,955  2,087,475  35,704,430 

Residuum  for  fuel 269,253,638  4,040,330  273,393,968 

Lubricating  oils      5,925.920  8,387,764  14,313,684 

Soft  pitch 4^788  26,827  31,615 

Totals 434,528,003  147,476,934  582,004,937 

To  Russia.  For  Export.  Total. 

1889.  Gallons.  Gallons.  Gallons. 

Illuminating  oils    ....      122,315,075  194,434,846  316,749.921 

Benzine  and  gasolene    .    .    .         517,368  8,334  525,702 

Crude  oil 19,059,757  715,917  19,775,668 

Kesiduum  for  fuel 409,947,502  8,236,863  418,184,365 

Lubricating  oils 1,840,667  14,237,177  16,077,744 

Soft  pitch 639,483  391,612  1,031,095 

Totals 554,319,752  218,024,743  772,344,495 

The  petroleum  production  of  Galicia,  the  third  most  productive  source, 
has  been,  according  to  Hofer,  as  follows  for  the  last  few  years  : 


1883.  510,000  m.  c.,  or  392,308  bbls. 

1884.  570,000  m.  c.,  or  438,461  bbls. 


1885.  650,000  m.  c.,  or  500,000  bbls. 

1886.  750,000  m.  c.,  or  571,538  bbls. 
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l*i//:ila(  IT.  Oeatarr.  Oewerb^  l*!»l,  p.  58) gives  otlu-r  !io;nivs  us  follows 
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3.  FOR  OZOKKIMTI.  .\\i>  N ATI-UAL  PAKAI  i  i\  i:.     Tin-  «ntiiv  produc- 
tion of'o/okcritt'  in  (Jalicia  for  tin-  year  1.X83  was  105,2(l(>   nn-tri«-  •  •••ntnere. 
As  the  mule  o/oUcritc   li:i>  a    value  «>!'    t\\ciit\ -nine  t<>  thirty  gulden    j..  r 
incti'ic  centiHT  at  the  mines,  this   production    repn-.-ntr.l   ;i    value  of  thni- 

and  a  quarter  to  three  and  a  halt'  million  gulden  ($1,300,000  to  $1,400,- 

000).     In  1884  the  production  was  stated  to  be  110,<MK)  HH  tii<  ..  ntncrs 
(11, 000  tons). 

4.  FOR   BITUMINOUS  SHALE   AND   SHALE    OIL    IMHSTKY. — The 
tiirures  given  a  few  years  ago  for  the  Scottish   mineral-oil  trade  are  as 
follows  : 


Amount  of  oil  shale  mined  daily 

Annual  production  of  crude  oil 

Annual  production  of  sulphate  of  ammonia 
Burning  oil  distilled  from  crude  oil  .  .  . 
Lubricating  oil  (upward  of  800,000  gallons) 

Paraffine 

Annual  value  of  the  trade 


6,000  tons. 
60,000,000  gallons. 

1  l.ixH)  t.-ns. 

600,000  Imnvls. 

30,000  tons. 

19,000  tons. 

£1,760,000 


Persons  engaged  in  the  industry 9500  to  10,000 

The  following  are  the  figures  of  the  German  mineral-oil  trade  for  1888  : 
In  eleven  oil-works  there  were  distilled  2,'")47,*246  hectolitres  of  coal  (or  shale), 
43,G-~><)  tons  of  tar  produced  in  the  works,  and  5881  tons  of  purchased 
tar,  and  from  these  obtained  4448  tons  of  hard  paraffine  and  2356  tons  of 
soft  paraffine,  4297  tons  of  paraffine  candles,  4298  tons  of  solar  oil,  4905 
tons  of  yellow  and  13,604  tons  of  dark  paraffine  oil.  The  value  of  all 
products  was  6,761,930  marks. 
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CHAPTER  II. 

INDUSTRY   OF   THE   FATS   AND   FATTY   OILS. 

I.  Raw  Materials. 

1 .  OCCURRENCE  OF  THE  MATERI ALS. — The  fats  and  fatty  oils  are  of  both 
vegetable  and  animal  origin.  They  occur  not  only  widely  spread  through 
these  two  kingdoms  of  nature,  but  constitute  often  the  larger  proportion  by 
weight  of  the  material  in  which  they  are  found.  No  part  of  the  plant 
seems  to  be  entirely  wanting  in  fat,  although  that  found  in  the  leaves  is 
more  of  a  wax-like  character  than  the  oil  obtained  from  the  seeds  and 
fruit ;  in  the  animal,  fats  are  present  in  all  tissues  and  organs  and  in  all 
fluids  with  the  exception  of  the  normal  urine.  In  plants  the  percentage  of 
fat  seems  to  be  in  inverse  ratio  to  the  percentage  of  starch  and  sugar,  and 
ranges  from  sixty-seven  per  cent,  in  the  Brazil  nut  to  one  per  cent,  in  barley. 
While  the  oil-bearing  plants  are  far  too  numerous  to  allow  of  a  complete 
enumeration  here,  it  will  be  desirable  to  state  first  the  occurrence  of  those 
technically  most  important,  and  afterwards  to  examine  those  physical  and 
chemical  differences  which  lie  at  the  basis  of  their  different  uses.  Similarly 
the  most  important  animal  oils  and  fats  will  first  be  enumerated. 

(a)  VEGETABLE  OILS,  FATS,  AND  WAXES. —  Castor  oil  (oleum  ricini, 
ricinus-oel)  is  extracted  by  pressure  or  heat  from  the  seeds  of  the  Ricinus 
communis,  originally  from  the  East.  It  is  a  thick  oil,  of  specific  gravity 
.9667  at  15°  C.,  colorless  or  yellowish,  transparent,  of  mild  taste,  but  be- 
coming rancid  on  long  exposure  to  air,  miscible  with  alcohol  and  ether,  and 
easily  saponifiable.  The  shelled  seeds  yield  from  fifty  to  sixty  per  cent,  of 
the  oil. 

Cotton-seed  oil  (oleum  gossypii  seminum,  baumwollen-samen-oel)  is 
obtained  by  pressure  from  the  hulled  seeds  of  the  several  species  of  Gossyp- 
ium,  or  cotton-plant.  The  raw  oil  is  brownish-yellow  in  color,  somewhat 
viscid,  of  specific  gravity  .922  to  .9306  at  15°  C.,  and  separates  some 
palmitin  at  from  6°  C.  to  12°  C.  The  refined  oil  has  a  straw-yellow  color, 
or  is  colorless,  of  pleasant  nutty  flavor;  specific  gravity,  .9264  at  15°  C. ; 
boils  at  about  600°  F.,  and  congeals  at  about  50°  F.  for  summer-  and 
32°  F.  for  winter-pressed.  It  possesses  slight  drying  properties,  and  is 
saponifiable,  but  is  chiefly  used  in  adulterating  olive,  lard,  sperm,  and 
other  oils.  The  hulled  seeds  yield  from  eighteen  to  twenty  per  cent,  of  the 
crude  oil. 

Hemp-seed  oil  (oleum  cannabis,  hanf-oel)  is  obtained  from  the  seeds  of 
the  Cannabis  sativa,  or  common  hemp.  It  has  a  mild  odor  but  mawkish 
taste,  and  greenish-yellow  color,  turning  brown  with  age.  Its  specific 
gravity  at  15°  C.  is  .9276.  It  is  freely  soluble  in  boiling  alcohol.  Has 
weaker  drying  properties  than  linseed  oil,  but  is  used  in  paint  and  varnish 
manufacture  and  in  making  soft  soaps.  The  seeds  contain  some  thirty  per 
cent,  of  the  oil. 
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nil  (oleum  liui,  lein-oel)  i-  pre--ed  from  tin-  -ceds  of  the  L'nunn 
Wtitatittxiwuin,  or  flax-plant.  The  <»il  differ-  in  (jualitv  aee«  .rdiii'j  to  Un- 
met hod  of  it-  production.  T>\  r,,l.|  piv-~uiv  i-  obtStOed  twenty  to  tucntv- 
oiie  |>er  cent,  of'  a  pule,  ta-t«'l<'--  oil,  wliieli  i-  n-ed  iii  conking  a-  a  -nh-ti- 
tnte  for  lard  or  butter  in  Rn— ia  and  1'oland.  ll\  \\ann  pre—un-  i-  ohtaiii.-d 

twentv-seveu  to  twenty-eight  per  cent,  of  an  amber-colored  or  dark-vdlow 

oil.  It  is,  when  fiv-h,  -omc\\  hat  vi-cid,  hut  a-  a  drying  oil  it  gradually 
absorbs  oxygen  and  become-  thick  and  eventually  dry  and  hard.  The 
specific  gravity  of  the  fresh  oil  is  .!'•".•"»  at  1 .",  (  .  It  i-  n-ed  alnio-t  exclu- 
sively in  the  preparation  of  paint-,  varni.-he-,  printer'.-  ink,  and  "  oil-el. .tli." 
(See  p.  95.) 

/Vy^V-xm/  »il  (oleum  papaveris,  mohii-oi-1)  is  ohtaine<l  from  the  Medf 
of  the  opium  |>«'ppy  l»y  piv— un-.  i-  of  pale-yellow  color,  and  -lightly 
sweetish  tast<1.  Specific  gravity,  .!rj.~>  at  I  •>  '('.  It  i-  u-ed  tor  -alad-. 
paint-,  -naps,  and  to  adulterate  olive  and  almond  oil.  The  s^-ds  yield 
from  forty-seven  to  fifty  percent.  <>f  oil. 

A/nioiid  oil  (oleum  amygdala-,  mandcl-ocl)  i-  the  fixnl  oil  ohtained  from 
l)oth  the  sweet  and  the  hitter  almond.  The  former  eontain-  the  more  oil, 
but  the  latter  is  cheaper,  and  the  residual  cake  can  IM-  utili/ed  for  the  prep- 
aration of  the  essential  oil  of  hitter  almonds.  The  oil  is  odorless,  a-r« •«  ai>!«- 
to  the  taste,  and  of  yellow  color.  Specific  gravity,  .91 9  at  15°  C.  It  i-  ii- d 

in  pharmacy  and  medicine  and  in  soap-making. 

ll<  n  »l/  (oleum  balatinum,  behen-oel)  is  ohtained  by  expression  from  the 
seeds  of  the  several  species  of  Mnrinf/ia.  Colorless,  odorless  oil,  not  readily 
turning  rancid.  It  is  used  by  perfuim-rs  for  extracting  odors  and  for  lubri- 
cating clocks  and  liiiht  machinery. 

Cacao  butter  (oleum  theobromatis)  is  obtained  from  scnnls  or  nilw  of 
Tli«'tn-inint  <-<i<-(t<>.  I'UIH-  white  fat,  with  pleasant  odor  and  ta-te.  IMM  -  at 
8<;°  F.  (.30°  C.).  Specific  gravity,  .945  to  .952.  It  i-  n-ed  for  <-<-mctic> 
ar.d  i'or  pharmaceutical  preparations. 

Cocoa-nut  oil  (oleum  cocois,  cocos-oel)  is  obtained  from  the  drinl  pulp 
(eoju-a)  of  the  cocoa-nn t  by  expression.  An  oil  of  the  con-i-tenrv  of  butter, 
iusinjr  at  7:5°  to  80°  F.  (22.7°  to  26.(>°  ('.).  When  fn-h,  is  white  in  color 
and  oi'  sweet  taste  and  agreeable  odor,  but  ea-ily  becomes  rancid.  It  is 
easily  Saponified,  eveo  in  the  cold.  It  is  n>ed  in  the  manulacture  (»t'candlcs 
and  paddexl  soaps.  (See  p.  61.) 

Colza  am!  rape  o/Vx  (oleum  brassie:e,  oleum  rapa-)  are  practically  identii  al. 
They  are  extracted  from  the  several  varieties  of  A'/v/.v.v/V*/  c<i,nj» >7 /•/>•.  The 
se«-ds  are  called  cole-seed  or  rape->eed.  The  term  "col/a  <.il"  i-  ^••ncrally 
applied  to  rciined  rape  oil.  The  crude  oils  are  u-ed  a-  lubricating  oils,  and 
are  of  dark,  yellow-brown  color.  Refined  and  treed  from  albumen  and 
mucilage,  they  become  bright-yellow.  The  specific  gravity  of  the  refined 
oil  is  .!>l:>2  at  15°  C.  Rape  oil  is  used  for  lamp-,  for  lubricating  machinery, 
and  for  adulterating  both  almond  and  olive  oils. 

Olive  oil  (oleum  olivarum,  olivcn-oel)  i-  (\piv--ed  t'roin  the  t'ruit  of  O/,// 
/•jii-ojxea.  It  differs  greatly  in  Duality  according  to  the  method  by  which  it  is 
obtaiiu-cl.  The  pmv-t  is  nearly  inodorous,  j)ale-\ fllow,  with  pure  oily  ta-tc. 
Specific  gravity,  .!>!*  at  15°  C.  Does  not  decompose  or  Income  rancid 
easily,  and  congeals  at  l}'2°  F.  to  a  granular  solid  ma-s.  The  perci-ntage 
of  oil  amounts  to  thirty-two  per  cent.,  of  which  twenty-one  per  cent,  is 
furnished  by  the  pericarp,  and  the  remainder,  which  is  inferior,  by  the  seed 
and  woody  matter  of  the  fruit.  It  is  u-ed  extensively  as  an  article  of  food 
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or  condiment,  in  pharmacy,  as  an  illuminant  and  lubricant,  and  in  soap- 
making. 

Palm  oil  (oleum  palmse,  palm-oel)  is  obtained  from  the  fruit  of  several 
species  of  palm.  The  fresh  palm  oil  has  an  orange-yellow  tint,  a  sweetish 
taste,  and  an  odor  resembling  violets.  Its  specific  gravity  is  about  .!M>8. 
Its  consistency  is  that  of  butter  or  lard.  It  ordinarily  becomes  rancid 
rapidly,  and  hence  usually  contains  free  acid.  It  is  used  in  candle-  and 
soap-making,  and  also  to  color  and  scent  ointments,  pomades,  soap, 
powders,  etc. 

Carnauba  wax  is  obtained  from  the  leaves  of  the  carnauba  palm, 
Copernicia  cerifera  of  Brazil.  Its  specific  gravity  is  .999  and  its  melting 
point  185°  F.  (84°  C.).  It  is  brittle  and  of  yellowish  color.  It  is  exten- 
sively used  in  the  manufacture  of  candles. 

Japan  wax  is  obtained  by  boiling  the  berries  of  several  trees  of  the  genus 
Rhus,  from  incisions  in  the  stems  of  which  flows  the  famous  Japan  lacquer 
varnish.  It  is  properly  a  fat,  as  it  consists  almost  entirely  of  glyceryl  palm- 
itate.  Its  specific  gravity  is  .999  and  melting  point  120°  F.  (49°  C.). 
When  freshly  broken,  the  fractured  surface  is  almost  white  or  slightly 
yellowish-green  and  the  odor  tallow-like.  It  is  used  for  mixing  with 
beeswax  in  the  manufacture  of  candles  and  in  the  manufacture  of  wax- 
matches. 

Myrtle  wax,  a  solid  fat  obtained  by  pressure  from  the  berries  of  myriea 
cerifera.  Specific  gravity  1.005  at  15°  C. ;  fusing  point  45°  to  46°  C. 
It  is  used  as  a  substitute  for  beeswax  and  particularly  in  candle-making. 

(b)  ANIMAL  OILS,  FATS,  AND  WAXES. — Neat's-foot  oil.  Prepared  from 
the  feet  of  oxen  collected  from  the  slaughter-houses.  It  is  a  clear,  yellowish 
oil  of  specific  gravity  .916  at  15°  C.  It  does  not  congeal  until  below 
32°  F.,  and  is  not  liable  to  become  rancid.  Of  great  value  as  a  lubricant, 
and  used  for  softening  leather  and  grinding  of  metals. 

Butter  fat  is  the  oily  portion  of  the  milk  of  mammalia,  but  in  practice 
the  term  is  restricted  to  that  obtained  from  cows'  milk.  The  pure  fat  con- 
stitutes from  eighty-five  to  ninety- four  per  cent,  of  the  finished  butter.  The 
pure  fat  has  a  specific  gravity  of  .910  to  .914,  and  its  melting  point  varies 
from  85°  to  92°  F.  For  fuller  account  of  manufactured  butter,  see  under 
milk  (p.  244). 

Lard  and  lard  oil  (adeps,  schweine  schmalz)  is  the  fat  of  the  pig  melted 
by  gentle  heat  and  strained.  The  crude  lard  is  white,  granular,  and  of  the 
consistency  of  a  salve,  of  faint  odor  and  sweet,  fatty  taste.  Its  specific  gravity 
is  .938  to  .940  at  15°  C.  Exposed  to  the  air  it  becomes  yellowish  and 
rancid.  When  pressed  at  32°  F.,  it  yields  sixty-two  parts  of  colorless  lard 
oil  and  thirty-eight  parts  of  compact  lard.  The  lard  is  used  in  cooking,  the 
lard  oil  for  greasing  wool,  as  a  lubricant  and  an  illuminant. 

Tallow  and  tallow  oil  (sevum,  talg).  Tallow  is  the  name  given  to  the  fat 
extracted  from  "  suet,"  the  solid  fat  of  oxen,  sheep,  and  other  ruminants. 
The  quality  of  the  tallow  varies  according  to  the  food  of  the  cattle  and  other 
circumstances,  dry  fodder  inducing  the  formation  of  a  hard  tallow.  Its 
melting  point  varies  from  115°  to  121°  F.  The  best  qualities  are  whitish, 
but  it  has  in  general  ajrellowish  tint.  Beef  tallow  contains  about  sixty-six 
per  cent,  of  solid  fat  and  thirty-four  per  cent,  of  olein  or  tallow  oil ;  mutton 
tallow  contains  about  seventy  per  cent,  of  solid  fat  and  thirty  per  cent,  of 
tallow  oil.  The  oil  is  used  chiefly  in  the  manufacture  of  soaps  and  the 
harder  tallow  for  candle-making. 
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/'"/  i-  a  whitish-yellow  I'al   obtained  by  boiling   hum -,  and   i-  11- d 
in  -.>ap-makiii'j. 

Cnil-llrt-r  Oil  (oleum  jeOOTto  cr-rlli,  leberthran)  i-  an  nil    ranging  in  cnlnr 

aooording  to  tin-  method  of  it-  preparation  from  pale—ira\\  t«.  dark-brown, 

and  pf  Specific  gravity  .!»•_':',  to  .!»•_'!  or  even  .it-"  at  !•'»  ('.  Tli.-  finer 
qualities  are  n-ed  for  medicinal  purpo-<-,  tin-  darker  for  tanner-'  and 
currier-'  use, 

.]//  ii/iinfi-n  oil  is  obtained  from  tin-  .!/OM/  inni/ni<l<n,  a  kind  ol'  herrim:. 
Is  u>ed  lor  -oap-maUng  and  tanning,  and,  \\hcn  pure,  a-  a  -nb-t itutc  for 
cod-liver  oil. 

S/uii-l;  oil  is  prepared  from  the  livrrs  of  variou-  -pci-i«-  nf  -haik.  It  i- 
tlie  lighte-t  nf  the  fixed  nils,  the  -pecilic  «;-ravity  ran^in_M-  IV.. in  ,866  to 
.>7(i.  It  i-  used  in  the  adulteration  nf  end-liver  nil  and  for  tannin-. 

\Vlntlc  oil  (train  oil)  is  extracted  from  the  hluhlxT  of  tin-  common  or 
(  iivenland  \vhale.  Is  yellow  or  l>m\\nish  in  eolnr  and  of  disagreeable  od<.r. 
Specific  gravity  .920  to  .9»H.  It  is  used  for  illumination  and  for  soap- 
making. 

XJHTIII  nil  is  procured  from  the  deposits  in  the  head  of  the  sperm  whale. 
In  the  living  animal,  the  solid  spermaceti  is  held  in  solution  in  the  liquid 
-perm  oil  ;  when  the  liquid  becomes  cold  the  spermaceti  separate^  out.  The 
oil  is  very  limpid,  relatively  free  from  odor,  and  burns  well  in  lamp-. 
Specific  o-ravity,  .«S7").  It  is  used  as  a  lubricant  on  account  of  its  l<»w  cold 
test  and  its  viscosity,  and  as  an  illumiuant. 

Spermaceti  (cetaeeum,  walrath)  is  the  solid  wax  separated  out  from  the 
accompanying  oil.  It  is  yellowish  at  first,  but  when  purified  is  white, 
brittle,  and  scaly.  Its  specific  gravity  is  .943  at  15°  C. ;  melting  point, 
4:>°  to  49°  C.  It  is  only  slightly  soluble  in  alcohol,  benzene,  and  petroleum- 
ether,  but  easily  soluble  in  ether,  chloroform,  and  carbon  disulphide.  It  i> 
u-ed  in  the  manufacture  of  candles  and  in  pharmaceutical  preparations. 

Beeswax  (cera  llava,  biencnwachs)  is  the  substance  of  which  the  cells  <»f 
the  honey-bee  are  constructed.  The  crude  melted  wax  is  a  tough,  compact 
mass  of  yellow  or  brownish  color,  granular  structure,  faint  taste,  and  honey- 
like  odor.  When  bleached  it  becomes  white.  Specific  gravity  .959  to 
.!><;<)  ;  melting  point  62°  to  64°  C.  It  is  used  in  making  candles,  ointment-, 
and  pomades. 

( '///m.xr  ti-fi.r  (insect  wax)  is  deposited  by  an  insect,  Coccus  <•<  ,-({>  f>.  upon 
the  Chinese  ash-tree.  It  is  a  white,  very  crystalline,  and  brittle  wax.  resem- 
bling spermaceti  in  appearance.  Specific  gravity  .973  at  lo0  (\  ;  fuses  at 
S2°  to  83°  C.  It  is  slightly  soluble  in  alcohol* and  ether,  very  -..bible  in 
benxene.  It  is  used  in  candle-making. 

2.  PHYSICAL  AND  CHEMICAL  CHARACTERS  OF  THE  DIFI  i  1:1  NT  ( )n .> 
AND  FATS. — (a)  Physical  Properties. — Most  of  the  vegetable  tin-  are  liquid 
at  ordinary  temperatures,  because  of  the  relatively  high  percentage  nf  nlcin 
they  contain.  Cocoa-nut  oil,  palm  oil,  cacao  butter,  and  a  few  others  have 
a  buttery  consistence  on  account  of  the  palmitiu  present.  The  tat-  of 
animals  feeding  on  straw  and  hay  are  solid,  because  of  the  stearin  proent  ; 
the  fats  of  carnivorous  animals  are  all  softer;  the  fat  <>f  li-hes  is  liquid  at 
ordinary  temperatures,  and  somewhat  differently  4kfn-tituted  chemically. 
The  solid  waxes,  both  vegetable  and  animal,  are  in  general  differently 
constituted  from  the  softer  tilts. 

The  fats  and  oils  are  almost  insoluble  in  water  (if  the  water  contains 
albumen,  gum,  or  alkaline  carbonates  in  solution  they  readily  form  an 
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emulsion  with  it  on  shaking) ;  alcohol  only  dissolves  them  sparingly  ;  ether, 
carbon  disulphide,  chloroform,  benzene,  turpentine  oil,  fusel  oil,  and  acetone 
dissolve  them  readily. 

On  exposure  to  the  air,  the  fats,  and  particularly  the  fatty  oils,  absorb 
oxygen.  The  heat  developed  by  this  oxidation  at  times  suffices  to  inflame 
wool  and  cotton  tissues  soaked  with  the  oil.  The  oils  which  absorb  oxygen  in 
this  way  become  thick,  and  finally  dry  to  translucent,  resinous  masses.  Such 
oils  are  called  "drying  oils,"  and  are  used  in  painting  and  varnish-making. 
(See  p.  95.)  The  'specific  gravity  of  all  the  fats  and  oils  is  less  than  unity, 
although  the  vegetable  waxes  are  only  very  slightly  less. 

The  boiling-points  of  the  oils  and  fats  cannot  in  general  be  taken  as 
distinctive,  as  many  of  them  begin  to  decompose  when  distilled  under  ordi- 
nary pressure.  Their  fusing  and  congealing  points  are  more  important ; 
particularly  in  the  case  of  oils  used  as  lubricants  does  the  latter  denote  the 
different  value  of  the  oil  for  use  at  low  temperatures. 

(b)  Chemical  Composition  of  the  Oils,  Fats,  and  Waxes. — The  fatty  oils, 
as  distinguished  from  the  mineral  oils  (see  p.  13)  and  the  volatile  oils  (see 
p.  89),  belong  to  the  class  of  compound  ethers.  They  are  salt-like  bodies, 
composed  of  characteristic  acids  (oleic,  palmitic,  and  stearic),  known  as  fatty 
acids,  in  combination  with  an  alcohol  or  base.  In  most  cases  the  base  is 
the  triatomic  alcohol  glycerine,  so  that  the  oils  are  said  to  be  glycerides  of 
the  several  fatty  acids.  Some  few,  known  as  waxes,  do  not  contain  glycerine, 
but  a.  monatomic  alcohol  in  combination  with  the  fatty  acid.  Most  of  the 
animal  and  vegetable  fats  contain  the  three  proximate  constituents,  olein, 
palmitin,  and  stearin,  the  combinations  of  oleic,  palmitic,  and  stearic  acids 
respectively  with  glycerine.  In  the  more  liquid  oils  the  olein  predominates, 
in  the  more  solid  palmitin  or  stearin.  The  so-called  "  drying  oils"  contain 
a  different  acid — linoleic  acid — in  combination  with  glycerine.  The  fish 
oils  contain  a  variety  of  the  lower  fatty  acids  and  some  solid  unsaponifiable 
alcohols  like  cholesterin.  The  most  satisfactory  classification  of  the  oils 
and  fats  is  that  of  A.  H.  Allen,*  which  is  here  given  in  abstract. 

I.  Olive  Oil  Group. — Vegetable  oleins.  Vegetable  non-drying  oils.    Lighter  than  Groups 
II.,  III.,  and  IV.     Yield  solid  elaidins  with  nitrous  acid.     Includes  olive,  almond,  earth- 
nut,  ben,  rape-seed,  and  mustard  oils. 

II.  Cotton-seed  Oil  Group. — Intermediate  between  drying  and  non-drying  oils.     Un- 
dergo more  or  less  drying  on  exposure.     Yield  little  or  no  elaidin.     Includes  cotton-seed, 
sesame,  sunflower,  hazel-nut,  and  beech-nut  oil. 

III.  Linseed  Oil  Group. — Vegetable  drying  oils.     Yield  no  elaidin.     Of  less  viscosity 
than  the  non-drying  oils.     Includes  linseed,  hemp-seed,  poppy-seed,  niger-seed,  and  walnut 
oils. 

IV.  Castor  Oil  Group. — Medicinal  oils.    Very  viscous  and  of  high  density.     Includes 
castor  and  croton  oils. 

V.  Palm  Oil  Group  — Solid  vegetable  fats.     Do  not  contain  notable   quantities    of 
glycerides  of  lower  fatty  acid •>.     Includes  palm  oil,  cacao  butter,  nutmeg  butter,  and  shea 
butter. 

VI.  Cocoa-nut  Oil  Group. — Solid  vegetable  fats,  in  part  wax-like.     Several  contain 
notable  proportions  of  the  glycerides  of  lower  fatty  acids.    Includes  cocoa-nut  oil,  palm- 
nut  oil,  laurel  oil,  Japan  wax.  and  myrtle  wax. 

VII.  Lard  Oil  Group. — Animal  oleins.     Do  not  dry  notably  on  exposure,  and  give 
solid  elaidins  with  nitrous  acid.      Include?  neat's-foot  oil,  bone  oil,  lard  oil,  and  tallow 
oil. 

VIII.  Tallow  Group. — Solid  animal  fats.     Predominantly  glycerides  of  palmitic  and 
stearic  acid,  although  butter  contains  lower  glycerides.     Includes  tallow,  lard,  bone  fat, 
wool  fat,  butter  fat,  oleomargarine,  and  manufactured  stearin. 


*  Commercial  Organic  Analysis,  2d  ed.,  vol.  ii.  p.  63. 
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•.-ri/.-d    1.  odor    and 

In.-lml.-  uha! 


IX.     ll'/irtle    Oil    Gi'<>»/>.  —  Marim-   animal    <>i! 
re<Mi-li-l»n»\\n  <-"l«»r  \vln-n  tn-at.'d  \\itli  raii-li.-   Kx 
hadrii,  roil   li\  IT.  :tii(l  -h;iik-li\  i-r  <'il-. 

V    N/»  /•///    O/7    (lr»ni>.  —  Liquid  \va\«--.       An-    n..t   •_:  I  \  •  •  -ndi-    I.  nt    i-tln-P.   of  moilal 
^'i''ld-  -"lid  rlaidin-.      Iiicludi--  SJMTIII  nil,  \>«l\  |.--n..-.-  ,,il.  and  d»l|iliin  «-il. 

XI.  s/H-rti»ii-i-f  Group.   -  \\'a\r>  |II-«-JMT.     Are  compound  ethen  of  higber  moaAtomia 

lioU,  with  hi^liiT  I'ali\   a«-id-  in  I'l  •  I  Mi-lud«-  -iM-rniit  ' 

and  rarnaulia  \\  a\. 

:i.    KXTI;  \<  n«>\  OF  THE  \l\\\   M  \  i  r.i;i  \i  -  \  \  i.  I'l  1:1  1  i<   LTIOK  OF  TH1 

SAMI:.  —  'I'ln-  iiictlnxl  «.!'  r\tra«-ii  .....  .1'  tin-  <>iU   :in<l   liit-    i-,  ••!'  OOOne,  «l«  t.  r- 

inincd  to  a  con-idcraMr  dc-ivc  l.y  ihrir  |»li\>i«-al  mmlit  imi.  Solid  till-,  liUr 
tallow  and  lai'd,  arc  obtained  (Vcc  fVom  the  r!i<-l<^inii  im-ml>rain-  hv  iin-ItiiiLr 
the  tinclv-clio|)j)cd  material  and  dra\vin«r  nil'  tin-  lilt  in  the  in.  -lt«-«| 

Fio.  I'.t. 


animal  oils  are  extracted  mainlv  by  lx)ilin.Lr  <"it  \\ith  \\at<T;  oil  fruits  and 
seeds  are  Around  fine,  and  then  the  oil  obtained  by  -nbinittinir  the  meal  to 
pressure,  either  cold  or  with  the  aid  of  heat,  or  the  oil  i-  «  \ i racted  by  solvents 
like  carbon  dlSlllphide  and  petroleum  ether. 

Iii  the  extraction  of  fats  by  the  process  of  melting,  three  forms  of 
procedure  are  followed  :  (1),  the  'so-railed  "  eraekliniis"  process,  a  melting 
over  direct  fire,  known,  too,  as  the  4k  <lry  nirltin.ir  ;"  (2),  the  melting  over  dii  •  •<  -t 
fire  with  the  addition  of  dilute  sulphuric  aeid,  known  as  the  "moist  melt- 
ing ;"  and  (3),  the  melting  by  the  aid  of  steam.  In  the  first  process,  a 
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little  water  is  added  and  the  tallow  or  other  chopped  fat  is  heated  in  open 
vessels.  The  mixture  of  fat  globules  and  water  at  first  gives  it  a  milky 
appearance,  but,  as  soon  as  the  water  is  driven  off,  the  cell  membranes 
shrivel  more  and  more  together,  forming  the  cracklings,  and  the  fat 
appears  as  a  clear,  fused  liquid.  A  constant  stirring  is  required  in  order 
to  prevent  the  fragments  of  membrane  from  sticking  to  the  sides  or 
bottom  of  the  vessel  and  burning.  The  melted  fat  is  drained  from  the 
cracklings  by  passing  through  metallic  sieves,  and  cracklings  afterwards 
pressed  in  suitable  presses  to  recover  the  adhering  fat,  which  forms  a  second 
quality  tallow.  A  raw  tallow  yields  on  the  average  eighty  to  eighty-two 
per  cent,  of  drained  oil  and  ten  to  fifteen  per  cent,  of  cracklings  ;  a  very  pure 
kidney  fat  will  yield,  however,  ninety  per  cent,  and  over  of  drained  fat. 

In  the  second  process,  now  generally  followed,  to  one  hundred  kilos,  of 
tallow,  twenty  kilos,  of  water  mixed  with  one-half  to  one  and  one-half  kilos, 
of  concentrated  sulphuric  acid  is  added.  The  sulphuric  acid  attacks  and 
destroys  the  cell-membranes  rapidly  when  heated,  and  so  allows  of  the  liber- 
ation of  the  fat.  In  this  process,  as  in  the  last,  provision  must  be  made  for 
preventing  the  escape  into  the  air  of  the  unhealthy  and  offensive  odors  coming 
from  the  melting  of  the  impure  tallow.  The  escaping  vapors  are  in  part 
condensed  and  part  burned  under  the  kettles.  In  the  third  process,  that  of 
melting  by  steam,  the  steam  may  be  directly  introduced  into  the  fat  mass  or 
indirectly  used  by  the  aid  of  coils  of  pipes. 

The  tallow  rendering  by  steam  is  illustrated  in  the  apparatus  of  Wilson, 
shown  in  Fig.  19.  The  steam  enters  through  the  perforated  pipe  G, 
under  the  perforated  false  bottom.  The  plate  F  having  been  shut  down 
tight  upon  the  opening  E,  the  vessel  is  two-thirds  filled  with  the  tallow  and 
steam  applied.  The  pressure  is  allowed  to  rise  to  three  and  a  half  atmos- 
pheres (fifty-two  and  a  half  pounds  per  square  inch)  and  kept  at  this  for 
some  ten  hours.  The  condensed  water  collects  under  the  false  bottom  and 
can  be  drawn  off  when  necessary.  The  melted  tallow  is  then  run  off  from 
the  stopcocks,  PP,  and  the  cracklings  finally  discharged  through  the 
opening  E. 

Some  acid  may  be  added  to  the  fat  or  in  the  Evrard  process,  instead 
of  acid,  caustic  soda,  which  has  the  advantage  of  combining  with  the 
noxious  volatile  acids  evolved. 

The  extraction  of  lard  takes  place  by  similar  methods  to  those  employed 
for  tallow,  but  at  lower  temperatures  and  more  readily. 

For  the  extraction  of  animal  oils,  like  fish  oils,  the  method  of  boiling  out 
with  water  is  generally  employed,  elevation  of  temperature  and  prolonged 
heating  being  avoided  as  much  as  possible  in  the  case  of  the  finer  medicinal 
oils. 

For  oil-bearing  fruits  and  seeds,  the  methods  of  obtaining  oil,  as  already 
mentioned,  are  expression,  either  cold  or  by  the  aid  of  heat,  and  that  of 
extraction  by  solvents. 

For  the  expression  of  oils,  the  carefully  cleansed  seeds  are  first  crushed  to 
break  the  shells  or  kernels  and  then  ground  to  fine  meal.  The  crushing  is 
done  very  generally  in  oil-seed  mills  of  the  construction  shown  in  Fig.  20, 
where  the  two  stones  or  metal  wheels  are  made  to  revolve  on  a  stone  founda- 
tion on  which  the  oil  seeds  are  placed,  and  from  which  any  excess  of  oil  may 
flow.  A  much  more  perfect  crushing  is  possible  in  this  mill  than  in  those 
in  which  stamps  are  used  They  are  then  slightly  heated  for  the  double 
purpose  of  coagulating  any  plant  albumen  and  making  the  oil  more  liquid. 
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In  the  case  of  the  Ix-st  medicinal  or  table  nils  all  h«  at  is  avoid. «!  ami  c..M- 
preeaed  oils  Only  taken.  The  meal  i>  then  repeatedly  pn  —  d.  The  re.-ult 
of  the  first  pro-mL!  i~  nft.-n  called  "  virgin  nil,"  and  i-  nf  better  mlnr  and 
taste  than  the  later  lots.  The  |>n— in-  i-  d«.ne  ehielly  with  livdranlir 
presses,  as  shown  in  Fig.  21,  although  the  ..Id  \\cdge  pres.-*--.  ma\  -till  Le 
n-ed  on  a  small  scale.  The  ernshed  nil  .-eed  i-  plaee<l  in  \\n..l.n  m-  cnitnn 
elnths,  nsnally  envei'ed  in  by  ha^s  of  horse-hair,  and  then  plan-d  l»<  t\\ecu 
the  |»re<s-j)Iates.  The  other  DVOOOS,  that  "f  ,  \t  ra«-tion  ..f'  the  nil  \>\  BOlvOOft^ 
i.-  capable  of  yielding  a  much  larger  amount  of  oil  than  pressure,  but  has 

Fio.  20. 


been  more  or  less  opposed  on  several  grounds.  The  solvents  employed  are 
carbon  disulphido  and  petroleum-ether.  The  former  is  the  better  snlveiit.  is 
used  at  a  lower  temperature,  and  is  easily  ive«,vercd  from  the  solution  after- 
wards without  leaving  any  appreciable  odor  ad  her  iiur  t«»  the  oil.  It,  how- 
ever, dissolves  coloring  matter  and  resin  from  the  seed  as  well  as  oil,  and  so 
introduces  impurity,  and  when  not  perfectly  pure,  it  l«aves  sulphur  impuri- 
ties also  in  the  oil.  'Flic  other  solvent  does  not  dissolve  so  much  oilnring 
matter  or  resin,  communicates  no  odor,  and  leaves  no  sulphur  or  other 
residues  in  the  oil,  and  so  can  be  used  for  fine  table  oils,  it'  ne. •«—  ary.  It 
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FIG.  21. 


requires  a  higher  temperature,  however,  and,  condensing  on  the  surface  of  water 
instead  of  under  it,  like  carbon  disulphide,  requires  more  complicated  distil- 
ling and  condensing  apparatus.  At  the  present  time  the  carbon  disulpliide 
is  more  generally  used.  The  objection  first  urged 
against  the  extraction  of  oil  by  solvents,  that  they 
left  the  oil-cake  valueless  for  cattle  food  because  of 
the  too  complete  extraction  of  the  oil,  is  now  met  by 
the  oil  men,  who  leave  eight  to  ten  per  cent,  of  fat 
or  oil  in  palm-nut  or  other  oil-cake. 

The  expressed  or  extracted  oils  are  in  many 
cases  in  quite  a  crude  condition,  containing  both  sus- 
pended and  dissolved  impurities  of  various  kinds. 
To  purify  them  for  use,  even  in  soap-making,  some 
treatment  is  generally  necessary.  Often  simple  but 
prolonged  subsidence  suffices  if  the  impurities  are 
only  suspended.  Instead  of  subsidence,  it  may  be 
necessary  at  times  to  use  filtration  through  cotton 
wadding  or  animal  charcoal.  If  both  subsidence 
and  filtration  fail  to  clear  the  oils,  it  is  necessary  to 
adopt  chemical  treatment  as  the  impurities  in  time 
ferment  and  develop  a  permanent  rancidity  or  de- 
terioration of  the  oil.  The  first  process  to  note  is 
that  of  Thenard,  to  add  gradually  one  to  two  per 
cent,  of  sulphuric  acid  to  oil  previously  heated  to 
about  100°  F.  and  mix  by  thorough  agitation.  The 
sulphuric  acid  both  takes  up  the  water  that  holds  the 
impurities  in  solution  and  chars  the  impurities  them- 
selves. The  treatment  with  acid  is  to  be  followed  by 
a  thorough  washing  with  warm  water  and  final  filtra- 
tion. Cogan's  process  follows  the  addition  of  sulphuric  acid  by  that  of  steam. 
Instead  of  sulphuric  acid,  caustic  alkalies  are  sometimes  used  as  in  the  Evrard 
process  (see  p.  51),  which  is  chiefly  applied  to  colza  and  rape  oils.  In  this 
case,  the  caustic  soda  saponifies  a  small  quantity  of  the  oil,  and  the  soap  carries 
down,  mechanically,  all  impurities,  leaving  the  oil  perfectly  clear.  Too  pro- 
longed agitation  may,  however,  make  an  emulsion  of  soap  and  oil,  which 
separates  wTith  difficulty.  R.  von  Wagner  proposed  the  use  of  zinc  chloride 
instead  of  sulphuric  acid,  as  this  chars  the  impurities  without  attacking  the 
oil.  The  zinc  chloride  is  used  in  concentrated  solution  of  1.85  specific 
gravity,  about  one  and  one-half  per  cent,  being  taken  and  thoroughly  agitated 
with  the  oil.  After  the  zinc  chloride  solution  is  withdrawn,  the  oil  is 
well  washed  with  water  and  filtered.  Tannin  is  also  used  to  clear  some  oils, 
which  it  eifects  by  coagulating  the  albumen. 

Cotton-seed  oil  is  always  colored  by  some  resin,  which  is  removed  by 
treatment  with  alkali,  which  saponifies  the  resin  and  the  free  acids  of  the 
crude  oil.  A  recent  patent  proposes  to  replace  the  sodium  hydrate,  which 
in  its  action  causes  a  loss  of  from  three  to  seven  per  cent,  of  the  oil,  by 
sodium  carbonate,  which  is  capable  of  acting  upon  the  coloring  matter, 
although  not  upon  the  oil.  A  subsequent  filtration  through  fuller's  earth 
is  also  recommended. 

Still  more  energetic  methods  for  purifying  oils  are  th^  oxidation 
methods,  using  "  chloride  of  lime"  or  bichromate  of  potash,  and  sulphuric 
or  hydrochloric  acids  as  applied  to  palm  oil. 
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The  USe  of  hydrogen  peroxide  solution  ha-  n-«-mtly  IM-.-U  tried  for  the 
bleaching  of  oil-,  with  the  be-t  of  re-nit-.  Four  or  fiv«-  jn-r  cent,  of  a  t,  n 
pel1  cent,  solution  \\ill  generally  -iilliee  if  repeated  I  v  -haken  up  \\itli  the  oil 
to  be  treated. 

Ott>ne-Carrier8,  like  fernm-  -ulphate  solution,  will  also  bleach  in  tho 
pre-eii<v  of  sunlight.  Thi-  method  i-  often  applied  with  lin-ced  oil. 

IE.  Processes  of  Treatment. 

1.  SAI-OMI-ICATION  <•!•'  KAT>.— The  composition  of  the  proximate 
principle,  olein,  pahnitiii,  and  stearin,  which  make  up  the  l.ulk  of  tin- 
fats  propel-,  was  first  established  by  the  re-earehe-  of  Clievivul  in  !>_.;. 
Their  decomposition  can  be  effected  in  a  number  of  ways  l»y  the  action  of 
bases  like  the  alkalies  and  some  metallic  oxide-,  by  the  action  of  sulphuric 
acid  liberating  the  fatty  acids,  and  by  the  action  of  water  alone,  when  aided 
by  heat  and  pressure. 

Chevreul  at  first  used  alkalies,  patenting  that  pn.e<  -  in  is-J."..  in  <-,,u- 
junction  with  ( Ja\  -Lu-<ac,  but  this  proeedmv  wa-  given  up  aln-ady  in 
1S:>1,  when  Ad.  (le  Milly  rej>laced  the  alkalies  by  lime.  Thi>  \\a-  n- d 

excluaively  for  a  number  of  years,  bat  \\a-  followe<l  in  ]>-".!  bv  the  inde- 
pendent discovery  of  Tilghman  and  Berthelot  of  the  method  of  decom- 
posing by  the  use  of  hot  water  superheated  by  hi^li  pn  —  un  .  M«  U. -n- 
aUo  proposed  the  same  process  substantially  a  little  later.  In  con-e.|iienee 

of  the  danger  connected  with  the  high  temperature  and  pn— mv,  thi>  pro- 
cess is  not  carried  out  any  longer  in  its  original  shape,  but  i-  n<>\\  ivphi, ,  d 
by  the  "  autoclave"  process,  mentioned  later.  In  isn  Dnbrnnliiut  i'ound 
that  if  neutral  fats  were  treated  first  with  sulphuric  acid,  and  then  boiled 
with  water,  the  fatty  acids  might  be  distilled  in  an  atmosphere  of  -up.  r- 
heated  -team  without  decomposition.  This  constituted  the  distillation  pro- 
cess. It  was  extensively  used  in  England.  Wilson  and  (iwynne  found  it 
possible,  with  propel-  application  of  the  .-uperheatc  d  >t<am  and  regulation 
of  the  temperature  (290°  to  315°  ('.),  to  dispense  with  the  sulphuric  ACtd, 
and  to  decompose  the  lilts  and  then  distil  them  without  any  decomposition, 
This  proce—  is  now  used  on  a  large  scale  by  the  Trice  ( 'andle  Company  in 
Kngland.  Still  later,  Bock,  of  Copenhagen,  found  that  if  the  m<  mbranou^ 
cellular  tissue  that  enclosed  the  fat  be  de< i posed  by  a  preliminary  treat- 
ment with  sulphuric  acid  and  the  charred  ti>- uc.  which  by  oxidation 
becomes  lieavier  than  the  fat  and  -inks  through  it.  be  removed,  the  pun- 
l:it  could  be  decomposed  by  boiling  with  water  in  open  tank-.  The  >epa- 
rated  tatty  acids  are  so  pure  in  color  that  washing  sutlice-.  and  no  distilla- 
tion i-  neeosiry. 

These  several  processes  have  been  in  time  modified  and  amalgamated 
until  now  only  three  or  four  processes  are  practically  followed  on  a  lar^e 
scale  : 

(1)  The  saponification  by  alkalie-  u-rd  exclusively  in  >oap-making  and 
yielding  a  soda  or  potash  salt  of  the  fatty  acid.  9e  SoAPSj  p. 

('2)  A  combination  of  the  lime  and  hot -water  pr<  n-t  •—.«-.  known  a-  Milly's 
"  autoclave  process,"  in  which  two  to  four  per  cent,  of  lime  is  made  to  do 
the  work  of  saponification,  for  which  s.T  per  cent,  is  theoretically  needed, 
and  for  which  fourteen  to  seventeen  per  cent.  \\a-  at  tiiM  used.  The 
siponifieation  is  carried  out  in  the  presence  of  water  in  strong,  closed, 
metallic  vess-ls,  at  a  temperature  of  172°  C.  One  form  of  such  vessel  for 
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FIG.  22. 


the  saponification  by  lime  under  pressure,  that  of  Leon  Droux,  is  shown  in 
Fig.  22.      At  present  the  form   of  the  vessel  in   use   is   more    generally 

that  of  a  sphere,  which  stands  the 
eight  to  ten  atmospheres  internal 
pressure  better.  The  lime  soap, 
technically  called  "  rock,"  after  its 
separation  is  decomposed  by  sul- 
phuric acid,  four  parts  of  acid  to 
each  three  parts  of  lime  used  being 
taken.  After  the  complete  sub- 
sidence of  the  calcium  sulphate  the 
free  fat  acids  are  thoroughly  washed 
with  water  and  steam. 

(3)  The  sulphuric  acid  sapon- 
ification, followed  by  distillation. 
This  process  is  almost  exclusively 
followed  in  England.  The  amount 
of  sulphuric  acid  used  has  grad- 
ually been  diminished,  as  it  is 
found  that  a  relatively  smaller  per- 
centage will  suffice.  For  oifal  fats 
some  twelve  per  cent,  is  now  used, 
for  tallow  nine  per  cent.,  and  for 
palm  oil  six  per  cent.  The  decom- 
position generally  requires  some 
hours  at  a  temperature  varying 
from  1 20°  to  1 70°  C.  Milly  mod- 
ified this  process  by  using  a  smaller 


quantity  of  sulphuric  acid  (two  to 
th 


hree  and  a  half  per  cent.),  which 
he  allows  to  act  at  a  temperature 
of  150°  C.  for  two  to  three  min- 
utes only,  and  then  boils  with 
water.  In  this  way  the  larger 
portion  of  the  fat  acids  are  white 
enough  to  be  used  for  candle- 
making  without  previous  distil- 
lation, while  some  twenty  per  cent, 
only  of  them  needs  to  be  distilled. 
The  form  of  apparatus  for  the  distillation  of  the  free  fatty  acids  produced 
in  the  sulphuric  acid  saponification  is  shown  in  Fig.  23.  T  is  the  super- 
heater, from  which  steam  at  300°  C.  is  passed  into  the  retort  Z),  which  is 
previously  filled  to  three-fourths  of  its  capacity  with  melted  tallow  through 
the  supply-pipes  V  V.  The  fatty  acids  distil  out  of  the  tube  U,  are  con- 
densed by  the  worm  8,  and  collected  by  the  receiver  K. 

(4)  The  superheated-steam  process  of  Wilson  and  Gwynne,  before  al- 
luded to.  This  is  at  present  carried  out  in  both  England  and  Germany. 
The  apparatus  devised  by  Mr.  G.  F.  Wilson,  of  the  Price  Candle  Com- 
pany, of  London,  is  shown  in  Fig.  24.  The  fat,  previously  heated  in  the 
flat  vessel,  J.,  by  the  waste-heat  from  the  superheater  below,  flows  into  the 
retort  C.  This  retort  must  be  kept  at  from  290°  to  315°  C.,  and  to  this 
end  is  covered  entirely  above  ;  the  superheated  steam  at  315°  C.  conies 
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into  the  retort  by  the  tul»e  to  ih  nd  .  and  -  >me  turiitv-four  to  thirty-six 
hours  is  necessarv  to  dc.-ompo- •  and  di-lil  oil'  a  ehai'-j'1  "f  till.  If  the 
teni|>erature  tiills  l>elow  :>loj  0.,  the  decomposition  i-  <  \tivm.-ly  -low,  while 
much  ahove  315  < '.,  a«-ro|eiu  t'orm-  from  the  deeumpii-itioii  «.t'  the 
eriue.  He  fore  proceeding  with  the  -|»ecial  processes  of -oap-mak  in;!, 


candle  manufacture,  oleomargarine  and  jrlyrcrine  production,  it  will  U-  well 
to  present  in  sdu-iuatic  way  the  complete  treatment  <>t'  a  1'at  Hieh  as  tallow. 
The  aooompanying scheme  is  taken  t'n»m  Post's  **  C'lu-mischc  'r<-elmologie," 
and  shows  the  processes  applicable  and  the  products  resulting  from  the  tech- 
nical utilization  of  tallow. 

FIG.  i>4. 


2.  PRACTICAL  SOAP-MAKIMJ. — In  the  application  of  the  first  method 

of  Baponifioation  «>t'  tin-,  that  of  the  use  of  alkalies,  we  have,  of  course, 
always  a  potash  <>r  a  soda  salt  of  the  fatty  acid  formed,  which,  nu^ly  or 
admixed,  constitute  the  products  known  as  soaps.  A  very  great  variety  of 
soaps  are  known,  the  appearance  and  properties  of  which  vary  according 
to  the  method  of  manufacture.  We  may  elassity  the  several  method-  <>f 
manufacture  as  follows  : 
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(1)    r»(.iliii'j  tin-  tilt-  in  open  vessels  hopper-)  \\  itli  indefinite  ijiiantitie-  of 
aline  lye-  until  products  of  definite   character  aiv  -i.tim.      Tin-e  ar 
-nl't    >oap-,   in  which    the  glveerinc   i-    retained,  pota-h    ln-in-j-  the  base ;  (h), 


the  so-called  "  hyd  rated  >oap-,"  \\ith  -..da  for  a  has*',  in  which  tin-  glyoemw 
is  retained,  and  of  which  "marine"  -..ap  may  be  taken  a-  the  t\pe;  (<•), 
hard  soaps,  with  soda  fur  a  hasc,  in  which  the  glycerine  i-  eliminated,  c,,m- 
prising  three  kinds, — ennl,  mettled,  and  yellow  soaps. 

('2)    Acting  upon  the  tilt-  with  the  pivci-e  uiiantity  of  alkali  m-ee— ary  for 
-aponilieation  without  the  s  •|»ai-ati«.n  of  any  \\a-te  liquor,  the  glycerine  bein- 
retained  in  the  soap.      This   include-  («)  >oap-   made  by  the  "cold  process, 
and  (/;)  soap  made  under  pre—  niv. 

(;})  l>irect  union  of  the  tatty  acids,  as  in  "  red  oil"  and  eanstic  alkali,  or 
alkaline  carbonate. 

The  general  outlines  of  these  method-  may  l>c  indicated  : 

In  the  manufacture  of  soft  soaps  the  drying  oils  are  preferably  n-.-d. 
In  England  whale,  seal,  and  linseed  oil  are  chiefly  used,  jn  Continental 
Kurope  hemp-seed,  linseed,  rape-seed,  poppy,  :md  train  oil-,  and  in  the 
Unitea  States  cotton-seed  oil  and  oleic  acid.  A  pota-h  lye  containing  some 
carbonate  is  used,  and  freijiiently  a  portion  of  the  pota-h  i-  replaced  by 
-o«la.  The  soft  -cap-,  after  bein^  boiled  to  the  ncee— ar\  .  are  not 

-altcd,  so  that  the  glycerine  and  any  6X0688  of  alkali  remains  in  the  soap. 
For  use  in  wool-scouring  this  excess  of  alkali  is,  however,  im-uited,  so 
that  neutral  soft  soaps  are  specially  sought  to  be  obtained.  The  method 
of  making  "  hydra  ted"  or  "filled"  soaps  is  very  similar  to  that  of  soft 
soaps.  Fatty  matter  and  soda  lye  are  run  into  the  copper,  and  the  whole 
is  boiled  together,  care  being  taken  to  avoid  an  exec--  of  alkali  at  tir-t  : 
when  saponitication  has  taken  place,  lye  is  cantionslv  added  until  tin-  -«>ap 
tastes  very  faintly  of  alkali,  when  the  soap  is  ready  to  U>  transferred  to  the 
frames,  without  any  salting  or  separating  of  the  mixture.  Marine  snap,  for 
use  with  sea-water,  is  made  in  this  wav,  and  is  entirelv  mcna-nut  oil  soap. 
The  well-known  Esch \veger  soap  is  also  made  by  this  general  method  from 
a  mixture  of  cocoa-nut  oil  and  other  fiits,  saponified  either  separately  or 

•t  her,  and  containing  the  glycerine  and  water  in  the  soap  mass. 

The  manufacture  of  true  hard  snaps,  which  still  constitute  the  -n  at  bulk 
of  those  made  in  England  and  the  I'nited  State-,  rnjnires  more  time  and 
care  than  the  varieties  just  mentioned.  Melted  fat  and  a  quantity  of  soda 
lye  of  about  11°  B.,  e<jnal  to  one-fourth  that  needed  for  complete  saponiti- 
cation, arc  simultaneously  run  into  the  copper  and  >tcam  turned  on.  The 
"soap-copper,"  as  shown  in  Fig.  _?">,  is  an  iron  kettle,  or  Beriee  of  kettle-. 
in  masonry,  and  equipped  with  pipes  for  both  open  and  closed  -team,  and 
provided  with  an  outlet  for  the  discharge  of  the  \\a-te  lye-  when  required. 
They  may  l>e  used  in  series,  or  extra  large  single  one-  n-ed.  Strong  lye 
should  not  be  used  at  this  first  stage,  or  sap.mitieation  will  not  take  pi. 
When  the  mixture  becomes  homugeneoiis,  lye  of  -Jo-  to  '2~t  B.,  in  amount 
e<|iial  to  that  taken  before,  may  be  cautiously  added.  It  i-  now  boiled  until 
a  -ample  taken  out  ha-  a  linn  eon-Uten'-e  between  the  fingers.  Common  salt 
or  a  brine  of  24°  B.  is  now  run  in.  A  -mall  sample  removed  on  a  spatula 
or  trowel  should  now  allow  clear  liquor  to  run  from  it.  The  Imiling  is  then 
stopped,  and  the  copper  should  be  allowed  t«»  -land  at  lea-t  two  to  three 
hours.  The  content-  now  divide  them-  -lv< -  into  two  portions,  the  upper 
consisting  of  soap-paste,  containing  water,  and  the  lower  eon-i-ting  of 
"spent  lye,"  holding  jn  solution  common  >alt  and  all  the  impurities  of  the 
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liquors,  together  with  glycerine.  It  should  contain  no  caustic  soda  and 
no  soap.  After  removing  the  spent  lye  from  below,  the  rest  of  the  caustic 
soda  lye  is  run  in  and  the  soap  boiled  up  again.  At  this  stage  the  rosin  is 
usually  added  for  rosin  or  yellow  soaps.  The  boiling  is  now  continued  until 
the  frothing  mixture  boils  quietly  and  becomes  clear,  the  process  being  known 
as  "  clear  boiling."  The  copper  is  then  boiled  with  open  steam  and  a  small 
quantity  of  lye  of  12°  B.  allowed  to  run  in  until  the  soap  separates  in 
flakes  and  feels  hard  when  cold,  technically  called  "making  the  soap." 
Boiling  is  still  continued  for  several  hours  to  insure  complete  saponification, 
and  it  is  then  allowed  to  separate  and  harden.  This  procedure  yields  a  curd 


soap  if  no  rosin  has  been  added.  If,  after  a  soap  is  "  made,"  the  lye  in 
which  it  is  suspended  is  concentrated  to  a  point  short  of  that  necessary  to 
produce  hard  curd  soap,  and  it  is  then  transferred  to  the  cooling  frames 
with  a  certain  quantity  of  lye  entangled  in  it,  these  insoluble  particles  will, 
during  the  solidification  of  the  soap,  collect  together  and  produce  the  appear- 
ance known  as  "  mottling ;"  and  the  effect  is  heightened  by  the  partial  crys- 
tallization of  the  soap.  The  lye  remaining  in  the  cavities  between  the  curds 
makes  mottled  soaps,  the  most  suitable  and  really  economical  for  washing 
clothes,  etc.,  in  hard  waters,  although  not  for  toilet  purposes.  Mottling  is 
sometimes  added,  as  the  peculiar  greenish  mottle,  which  becomes  red  on 
exposure,  characteristic  of  Marseilles  and  Castile  soaps,  is  produced  by 
adding  some  solution  of  ferrous  sulphate  to  the  copper  when  the  soap  is 
nearly  finished  (about  four  ounces  of  the  salt  to  one  hundred  pounds  of  the 
fat) ;  the  precipitated  iron  protoxide  suspended  in  the  soap  is  greenish,  but  it 
becomes  peroxide  in  contact  with  air,  to  which  the  change  to  a  red  color  on 
exposure  is  due.  Yellow  soaps  are  made  from  tallow  and  rosin,  the  pro- 
portion of  rosin  varying  from  one-sixth  of  the  total  fat  to  an  equal  weight, 
or  even  more,  according  to  the  quality  of  the  soap  desired.  In  the  presence 
of  the  sodium  oleate  from  the  tallow,  the  rosin  acids  saponify  readily  and 
coalesce  to  form  a  very  uniform  soap. 

In  smooth  or  "  cut"  soaps  water  or  thin  lye  is  added  to  the  contents  of 
the  copper  before  the  soap  separates  finally  to  form  the  curd,  and  is  taken 
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up  in   considerable  amount,  giving  a  -mooth   yet    linn    -iirtaee   to  the   -»ap, 
in-trad  <>f  tin-  hard,  granular  -nrlarr  of  the  riird  -oap. 

The  sn-eallrd  "  mid  pror<-~"  require-  tin-  use  of  exact  \\ei-lit-  of  wrll- 
refined  liit>  and  <»t'  can-tic  -»da  ..f  a  'jiveii  -prrilir  -rivitv,  tin-  «|ii:tntiti«-- 
IxMiig  s;i  -h  that  only  jii-t  cii.ii-li  -..da  i-  piv-rnl  t«.  eomplrtely  -aponity  the 
tat.  Tli"  material-  arc  allowed  to  -land  tn^-thcr  t'..r  a  -Imrt  time  and  thru 
thoroughly  mixed  in  a  ropprr  provided  with  -team,  a'jilatiii'j  paddle-,  and 
kept  at  a  temperature  of  not  over  1'_IUJ  F.  Tin-  reaction  proceed!  rapidlv, 
ami  after  somr  fifteen  minutes  the  material-  have  -••  lar  imitrd  that  thcv 
will  not  separate  on  standing,  although  tin-  complete  -aponitieat  ion  of  tin- 
man-rials may  require  day-.  They  are  then  run  nut  into  the  <•«  ..  .linn-Inn 
It  is  obvious  that  soaps  made  in  this  way  retain  all  the  ^Kcerine  ori'jinallv 
coiiihinrd  with  the  fatty  acids  disseminated  through  the  jiai'ticle-  ,,!'  *..a|», 
and  hrloii^-  to  the  da—  Uim\\n  as  "filled"  or  "  padded"  -oap-,  nieiitioiird 
Ix-forr.  (See  p.  /39.) 

When  <".tcoa-nut  oil  alone  is  used,  the  temperature  of  working  in  thi-  (-..Id 
process  need  not  he  higher  than  7-Y  \'\  for  summer  and  !M)°  I-\  in  wintrr  ; 
if  one-half  tallow,  104°  to  108°  F.  ;  and  if  two-third-  tallow,  11:3°  to 
.120°  F.  is  nece—  ary. 

Mixtures  of  eoeoa-nut  oil  and  other  fats  are  frequently  -aj>onilie<l  in  this 
way,  the  free  acid  of  the  coeoa-unt  oil  readily  starting  the  proe,-^  .,f  -apoiii- 
fieation.  A  well-refined  tallow  ran,  however,  l>e  saponified  in  this  wav  too, 
and  mixtures  of  tallow  and  rosin  worked  up  also  into  vellow  filled  soaps. 

This  combination  of  OOCOa-nut  oil  with  tallow  and  rosin  can  also  take 
up  in  its  saponifieation  lar^e  (piantities  of  water-«j;la-s  and  similar  "  tillin-" 
material,  so  that  a  verv  lar^e  vield  of  a  smooth  filled  -oap  is  ohtainrd. 
Tims  a  mixture  of  one  hundred  kilos,  of  eocoa-nnt  oil,  seventy-live  to  eighty 
kilos,  of  rnsin,  three  hundred  kilos,  of  water-;Ja--,  one  hundred  to  one  hun- 
dred and  fifty  kilos,  of  tallow,  and  two  hundred  and  forty  kilos.  >oda  lye  of 
&>°  B.,  will  make  ei^ht  hundred  kilos,  of  a  finished  soap. 

Saponifieation  under  pressure  has  also  l>een  frequently  tried,  the  ohject 
heino-  to  shorten  the  time  required  for  open  boiling.  In  thi-  0806  the  t|Uau- 
tity  of  alkali  used  must  he  accurately  adjusted  to  the  fat  to  he  saponified. 
the  glycerine  is  retained  in  the  ultimate  product  The  proce--  i-  carried  out 
in  an  autoclave  or  piv—  ure-hoilcr,  the  temperature  i-  allowed  to  ri-r  t<> 
ahont  .'510°  F.  (154.4°  (\),  c«|iiivalent  to  a  steam-piv—  nre  of  -ixty-three 

d 


pounds  to  the  sijnare  inch,  and   kept  at  this   for  an  hour,  when  the 
arr  discharged  into  a  oooling-frame. 

There  remains  to  he  noted  the  proec--  of  -oap-makinir,  in  which  we 
-tart  not  with  a  fat,  hut  with  the  free  fatty  acid,  as  in  the  M  red  nil"  or  crude 
oleicaeid  obtained  in  stearine  candle  manufacture.  (Seep.  (M.)  These  oleine 
soaps,  as  they  are  called,  are  made  preterahly  from  the  oleie  acid  re-nltiiiu 
from  the  -aponifieation  of  tallow  or  palm  oil  hy  the  lime  jtroeess.  That 
obtained  in  the  distillation  process  is  not  90  ^<  11  adapted  for  use  here.  The 
oleie  acid  mav  he  -aponified  either  with  carbonate  or  w  ith  cau>tie  alkali.  The 
former  proce—  ha-  thedi.-advantaLic  that  the  e-eapinL:  earl>onic-aeid  gas  causes 
a  -tmno  frothing  which  easily  lead-  to  boiling  over.  One  hnndi-ed  kilos,  of 
the  oleie  acid  obtained  in  the  lime-<apoiiification  yield  one  hundred  and  fifty 
to  one  hundred  and  sixty  kilos,  of  soap.  The  acid  obtained  by  distillation 
always  yields  somewhat  lc--.  Frequently  the  oleie  acid  before  saponifying 
is  changed  by  nitrous  acid  into  the  ismneric  elaidic  acid,  which  i-  a-  hard  as 
tallow,  and  from  which  a  very  fine  soap  can  then-  be  made  resembling  tallow 
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soap,  and  capable  of  being  worked  at  will  into  a  curd  soap  or  a  cut  soap. 
If  to  be  made  with  carbonate  of  soda,  the  copper  is  filled  to  one-third  its 
capacity  with  the  oleic  acid  and  the  calculated  amount  of  half-crystallized 
and  half-calcined  soda  added,  little  by  little,  while  the  heating  and  thorough 
agitation  of  the  liquid  is  kept  up.  When  the  soap  becomes  thick  and  all  foam- 
ing has  ceased,  the  soap  is  filled  at  once  into  the  forms  to  cool.  The  portion 
of  crystallized  soda  used  supplies  all  the  water  needed  for  the  saponification. 
In  saponification  with  caustic  alkali,  a  strong  lye  (25°  B.)  is  taken. 
Xo  emulsion  forms,  but  a  lumpy,  mortar-like  mass,  which,  however,  as  the 
alkali  is  more  fully  taken  up  and  the  lye  becomes  weaker,  gradually  goes 
over  into  ordinary  soap-paste.  The  soap  is  separated  by  the  addition  of  a 
strong  lye  instead  of  salting  it. 

After  the  finishing  of  the  soap  in  the  copper,  it  may  either  be  put  direct 
into  the  cooling  frame,  or  it  may  be  transferred  to  mixing  tanks,  where 
various  solutions  or  substances  are  incorporated  with  it  prior  to  its  being 
allowed  to  solidify. 

Soap-frames  are  of  two  kinds,  according  as  it  is  desired  to  cool  the  soap 

slowly     or      quickly. 

FlG-  26-  AVhen  slow  cooling  is 

required,  as  is  always 
the  case  with  mottled 
soap,  wooden  frames, 
usually  of  pine,  are 
employed.  These  are 
built  up  in  horizon- 
tal sections,  nine  to 
twelve  inches  deep, 
each  section  lined  with 
thin  sheet  -  iron,  as 

shown  in  Fig.  26.  Most  curd  and  all  yellow  soaps  are  cooled  rapidly  in 
cast-iron  frames  of  any  desired  shape  and  size.  Such  an  iron  soap-frame  is 
illustrated  in  Fig.  27.  The  sides 
and  ends  of  the  frame  are  easily 
removed  after  the  thorough  so- 
lidification of  the  soap,  and  the 
block  is  then  left  upon  the  truck, 
which  served  as  the  bottom  of  the 
frame.  It  is  now  ready  for  the 
cutting  into  slabs  and  bars.  This 
is  now  almost  universally  done 
by  machinery,  and  the  truck  con- 
taining the  hardened  block  is  run 
at  once  into  the  large  frame  con- 
taining the  cutting  wires.  Such 
a  frame,  although  of  smaller  size, 
and  used  for  slabs  of  soaps  only, 
is  shown  in  Fig.  28.  The  best 
piano-forte  wire  is  necessary  for 
these  cutting  frames,  as  the  tension  is  very  great  when  the  soap  is  pressed 
through  the  wires. 

3.  STEARIC  ACID  AND  CANDLE  MANUFACTURE. — For  the  extrac- 
tion of  stearic  acid,  the  washed  fatty  acids  (see  p.  56)  are  heated  to  the 


FIG.  27. 
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melting  point  and  run  into  dishes  or  troughs  made  of  tin,  MS  shown  in  Fig. 
29.  These  are  placed  in  a  room,  the  temperature  of  which  is  kept  at 
68°  to  86°  F.  (20°  to  30°  C.),  an«l 
left  for  two  to  three  days,  or  until 
the  contents  have  granulated,  as  the 
palmitic  and  stearic  acids  crystallize, 
when  the  dishes  are  emptied  into 
canvas  or  woollen  hairs,  which  are 
carefully  deposited  between  the 
plates  of  an  upright  hydraulic  press, 
as  shown  in  Fig.  30.  Pressure  is 
now  exerted,  increasing  in  degree 
until  the  flow  of  the  liquid  oleic 
acid  ceases.  The  hard,  thin  cakes 
of  crude  stearic  acid  so  obtained  are 
then  melted  down  again  with  steam, 
and  alter  settling,  the  incited  acid  run 
into  the  tin  dishes  and  placed  aside 
to  cool.  The  temperature  of  the 
cool  ing- room  in  this  ease  should  be 
higher  than  before,  or  about  86°  F. 
(30°  C.).  The  blocks  of  stearic  acid 
gotten  are  ground  to  meal,  tilled  in 
bags  of'  hair  or  wool,  and  then  sub- 
mitted to  a  second  pressure  in  a  hori- 
zontal hydraulic  press,  the  plates  of  which  can  he  heated.  In  this  p 
pressure  of  six  tons  per  square  inch,  at  temperature-  of  from  104°  to 
120°  F.  (40°  to  49°  C.),  is  reached.  The  cakes  so  obtained  are  melted  by 
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steam,  a  little  wax  being  sometimes  added  to  destroy  the  crystalline  struc- 
ture of  the  stearic  acid,  which  somewhat  unfits  it  for  candle-making. 

The  yield  of  stearic  acid  obtained  varies  according  to  the  fat  used  and 
the  process  of  saponification  employed.  F.  A.  Sarg's  Sons  (Vienna)  use 
three  per  cent,  of  lime  under  a  pressure  of  ten  atmospheres,  and  get 
ninety-five  per  cent,  of  crude  fat  acids  and  thirty  per  cent,  of  glycerine 
water  (5°  to  6°  B.),  and  a  final  yield  of  forty-five  per  cent,  stearic  acid, 
fifty  per  cent,  of  oleic  acid,  and  five  to  six  per  cent,  of  glycerine.  In 
England,  with  the  sulphuric  acid  and  distillation  process,  they  get  sixty  to 
seventy  or  even  seventy-five  per  cent,  of  fat  acids  suitable  for  candle- 
making,  although  inferior  to  that  obtained  in  the  lime  process. 

FIG.  30. 


Palm  oil  is  now  used  in  enormous  quantities  for  the  production  of 
palmitic  acid  at  Price's  Candle  Company's  works,  as  well  as  by  almost 
every  candle  manufacturer  in  Great  Britain,  about  twenty-five  thousand 
tons  being  annually  consumed.  In  many  continental  countries  a  prohibi- 
tive duty  prevents  its  employment.  From  this  palmitic  acid  the  finest 
composite  candles  are  made  by  hot-pressing  the  distilled  palmitic  acid. 

Palmitic  acid  for  candle-making  is  also  made  commercially,  according 
to  a  process  of  St.  Cyr-Radisson,  by  fusing  oleic  acid  with  a  great  excess 
of  caustic  potash,  the  products  of  the  reaction  being  potassium  palmitate, 
potassium  acetate,  and  hydrogen.  As  carried  out  in  Marseilles,  the  oleic 
acid  and  potash  lye  of  41°  B.  are  put  into  an  autoclave  provided  with 
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mechanical  a^itat..r.  and    heated  until  -team  ceases  to  he  -i\. n  nil',  uhm  tin- 

open  manhole  is  closed,  and  the  heat  (xmtinaed  tinti]   "••"»  1     F.  i  •_".'<»    <'.i  i- 

reached.  Decomposition  iin\v  ci.iiimeiiee-,  and  much  livdro-jcii  i-  given  oil' 
through  an  escape-tube  Bel  in  tin-  li<l  of  tlic  boiler.  Ai  60l  I'.  520°  C.) 
the  odor  of  the  evolved  ga-  suddenly  changes,  and  d« -tructive  distillation 
begins.  This  is  anv-ted  by  blowing  in  -team  at  omv,  and  the  contents  are 
runout.  The  potassium  palmitatc  i-  then  \\a~hcd,  d< •.•,,! n posed  \\ith  -nl- 
phuric  acid,  the  free  acid  \\a-hed  and  di-tilled.  'I'll--  product  of  the  di  — 
tillation  is  white,  and  hum-  excellently  \vhen  made  into  eaiidl. -. 

In  the  manufacture  of  candles,  the  first  operation  is  the  preparation  of 
the  wick.  Fur  dip-candle-  the  wick  i-  twi-ted,  f.,r  other-  it  i-  plaited,  and 
the  kind  of'  plaiting  mn>t  also  vary  according  to  the  material  n 
Stearine  candles  require  a  moderately  tightly-braided  wick,  jiaratline  candle- 
an  extra  tight  braid,  and  for  spermaceti  and  wax,  on  the  nther  hand,  the 
hraids  are  measurably  loose.  After  In-in^  twi-ted.  ..r  plaitMJ,  the  \\i<-k^  are 
dried  and  then  dipped  into  a  pickling  li«jimr,  which  i>  to  retard  ••'•mlni-tinn 
an<l  help  in  the  destruction  of  the  ash.  The  pickle  usually  ri,iM-N  of  a 
solution  of  boracic  acid,  ammonium  phosphate,  orammonium  chloride,  Three 
plans  of  candle-making  arc  at  present  in  use, — dipping,  mouldin-.:,  and 
pouring.  The  first  is  employed  for  common  tallow  candle-,  \\hich  are 
a  -ordinglv  called  "dips."  Under  a  frame  holding  the  suspended  wicks  are 
placed  troughs  containing  melted  tallow,  into  which  the  wick-  are  ivp,  atedly 
dipped.  After  each  dipping  the  adherent  fiit  is  allowed  to  cool  sufficiently 
to  retain  a  fresh  coating  on  immersion.  When  the  candle-  have  thn- 
grown  to  the  proper  thickness  they  are  left  to  cool  and  harden.  These 
cheap  "  dips"  are,  however,  now  being  replaced  by  small,  moulded  "  com- 
poHte"  candles,  as  well  as  candles  made  from  the  softer,  paraffins  scale. 
Pouring  is  used  only  with  wax  candles,  which  cannot  be  moulded  because 
of  the  adhering  or  cracking  of  the  wax  in  removing  it  from  the  moulds. 
A  well-made  wax  candle  should  show  rings  like  a  tree,  where  the  different 
layers  have  been  superposed.  By  far  the  greater  number  of  candl.-  are 
moulded,  by  which  process  they  acquire  a  much  more  finished  appearance. 
A  form  of  frame  in  common  use  is  represented  in  Fig.  .'51. 

The  materials  in  general  use  for  candle-making  are  tallow,  palmitic 
and  stearic  acids,  parafline,  ozokerite  or  eeresine,  spermaceti,  and  Uvs\\a\. 
Very  generally,  several  of  these  materials  are  admixed.  St.-arie  eandl< •- 
have  a  small  quantity  of  paralline  added  to  obviate  the  crystalline  -tructure 
of  the  stearic  acid  ;  pa  ratline  candles  always  have  five  to  t<  n  per  cent,  of 


stearic  acid  in  them,  to  prevent  the  softening  and   beading  of  the  paraffine 

when    warmed.       Spermaceti    and    be«-s\\ax   are    more    expensive    than    the 
other  materials,  and  are  only  used  now  for  special    purp<»-'-.  a<  for  church- 

11  1  •  i  •      i     .         *       s~\         i  •*  •  .  I  ii*  II  1*1*1 


candles  and  carriage-lights.  Ozokerite  gives  the  paraffine  candle  of' 
filing  point,  being  some  six  degrees  higher  than  any  other  variety  of  parafline. 
Colored  paratlinc  candles  are  made  by  dissolving  the  coloring:  matt-T  (vege- 
table or  aniline  dyes,  not  mineral  color-)  in  stearic  acid,  and  then  mixing  tlr- 
with  the  paratline,  which  itself  does  not  take  up  the  color.  Parafline  and 
other  transparent  candles  must  be  filled  in  the  mould  very  hot,  and  after  all  air- 
bubbles  have  escaped,  i  he  moulds  must  be  rapidly  cooled  by  a  large  flush  of OoW 
water  to  prevent  the  paratline,  et  •..  from  er\  -talli/m-  and  thus  causing  opacity. 
Of  interest  in  this  connection  is  the  table  of  illuminating  equivalents,  or 
quantities  of  different  illumiuatini:  materials  necessary  to  produce  the  Bame 
amount  of  light,  prepared  by  Frankland. 
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Young's  paraffine  oil  .  .  .  .  1.00  gallons. 
American  petroleum,  No.  1  .  1.26  gallons. 
American  petroleum,  No.  2  .  1.30  gallons. 
Paraffine  candles 18.60  pounds. 


Sperm  candles 22.90  pounds. 

Wax  candles 26.40  pounds. 

Composite  (stearine)    .    .    .      29.50  pounds. 
Tallow 36.00  pounds. 


4.  OLEOMARGARINE,  OR  ARTIFICIAL  BUTTER  MANUFACTURE. — 
The  manufacture  of  a  butter-substitute  from  the  solution  of  palmitin  in 
olein,  which  is  known  as  oleomargarine,  is  a  fat  industry,  but,  because  of 
its  close  relations  to  natural  butter  made  from  cows'  milk,  it  will  be 


FIG.  31. 


considered  as  supplementary  to  the  description  of  butter  under  milk  indus- 
tries.    (See  p.  246.) 

5.  GLYCERINE  MANUFACTURE. — For  many  years  after  the  development 
of  the  soap  and  candle  industries,  no  attempt  was  made  to  recover  the 
glycerine  which  was  liberated  in  the  saponification.  Its  applications  in 
medicine  and  for  technical  purposes  have  made  it  important  to  extract  and 
purify  it,  however,  and  it  has  now  assumed  almost  equal  importance  with 
the  other  fat  constituents.  The  two  methods  of  saponification,  by  which 
glycerine  has  been  obtained  on  a  large  scale,  are  the  process  of  Wilson  & 
Payne,  of  decomposing  the  fats  by  superheated  steam  and  after  distillation 
(see  p.  56),  and  the  lime  autoclave  process  of  Milly.  (See  p.  55.)  In  the 
distillation  process,  moreover,  by  suitable  arrangement  for  fractional  conden- 
sation, it  is  found  possible  to  concentrate  the  aqueous  glycerine  in  the  process 
of  distillation.  Care  must  be  taken  that  the  temperature  of  600°  F.  (315° 
C.)  is  not  exceeded,  and  that  plenty  of  steam  is  present,  otherwise  some 
glycerine  is  decomposed  and  acrolein  is  formed.  In  the  Milly  process,  after 
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the  decomposition  <.f  tin*  t'at  i>  completed  in  the  autoclave,  the  contents  are 
blown  out  into  a  tank  and  tin-  "sweet  \\atcr"  (glycerine)  i-  run  nil'.  This 
is  then  concentrated  in  a  modification  of  tin-  \Vet/d  evaporating  pan,  origi- 
nally introduced  for  sugar-boiling.  (See  p.  \'27.)  The  concent  rat  ing  may  In- 
done  in  contact  with  air  or  the  apparatu-  may  he  worked  in  VflCUO.  Evap- 
oration  is  continued  to  20°  B.  (l.iiL'u  -pecifie  gravity  i,  when  the  glycerine  is 
of  a  brownish  color,  and  is  known  as  "raw,"  in  which  Mate  it  IB  sold  for 
many  purposes.  At  1'ricc's  (  'andlc  ( 'ompau\ '-  \\  ork-  the  further  purifica- 
tion is  conducted  as  follows:  The-  raw  glvccrine,  -pecifie  gravitv  l.'Jlo  to 
1. •_'!").  is  heated  in  a  jacketed  pan  with  that  kind  of  animal  charcoal  known 
Bfl  ivory-black,  and  is  then  di-tillcd  ;  this  alternate  treatment  i 
often  as  is  necessary .  The  distillation  i-  pcrl'ormed  \\ith  -iipcrheat.-d  -t.ani 
in  a  copper  still  provided  with  copper  fractional  eondcii-er-,  the  -till  being 
also  heated  externally;  the  operation  is  performed  at  Rfl  lo\\  a  t.-mperatmv 
as  is  consistent  with 'distillation,  usually  about  1  In  F.  c2'27°  ( '.). 

It  is  obvious  that  in  soap-making,  as  enormous  quantities  of  the  Hits  are 
decomposed,  corresponding  <|iiantitics  of  glycerine  go  into  the  -pent  lyes.  It 
is  only  very  recently  that  it  has  been  attempted  to  recover  tnifl  -1\"  i-inc, 
and  no  perfectly  satisfactory  process  seems,  as  yet,  to  have  been  adopted. 
More  practical,  in  the  opinion  of  those  qualified  to  jud-.  .  seemi  t"  be  tin- 
idea  recent Iv  put  forward  to  deglycerini/e  all  fats  before  saponifying  them. 
The  process  of  Miehaud  Freres,  of  Paris,  as  carried  out  by  the  (  ontineiital 
(ilycerine  Company,  of  New  York,  reali/es  this  idea  very  succo- fully. 

According  to  their  patent  "the  fatty  matter  is  subjected  in  a  eln-e  \ «  — .  1 
to  the  action  of  the  steam,  at  a  pressure  of  one  hundred  to  one  hundred  and 
thirty  pounds  per  square  inch,  and  at  corresponding  temperature  in  pre-cnn- 
of  one-fourth  to  one-third  part  its  weight  of  water  and  one-fifth  to  three-tilths 
per  cent,  of  its  weight  of  the  oxide  of /ine,  known  commercially  as  /inc  \\hite, 
or  a  like  proportion  of  zinc  powder  or  /inc  gray,  which  is  a  residue  in  the  treat- 
ment of /inc,  being  a  mixture  of  zinc  with  its  oxide.  .  .  .  The  very  small  pro- 
portion of  mineral  substance  used  is  sutlicient  for  dispensing  with  the  acid 
treatment  applied  for  decomposing  lime  soap,  and  the  product  obtained,  con- 
sisting almost  exclusively  of  acid  fat,  can  be  converted  by  the  acids  usually 
employed  into  soap  or  candles.  In  soap-making,  the  di— olving  power-  oi 
the  caustic  alkalies  remove  all  objections  to  the  presence  of  the  /inc  if  it 
should  be  used  in  excess.  The  reducing  power  of  the  /inc  powder  prevents 
discoloration  of  the  acid  tats  such  as  results  from  the  ordinary  treatment." 
The  glycerine  thus  produced  finds  a  ready  sale,  a<  it  rim-  from  the 
evaporators  and  from  it,  as  "crude,"  ninety-six  per  cent,  of  pure  glycerine 
can  be  obtained. 

5«.  NITRO-GLYCERINE  AND  DYNAMITI-:. —  In  1>17  S.hrero  di-c, --. 
a  vry  interesting  derivative  of  glycerine,  and  in  !*«;•_>  A.  Nob.-l  gave  it  to 
the  world  as  a  technical  product  of  the  greatest  importance.  When  strong 
glycerine  is  graduallv  added  to  a  well-cooled  mixture  of  very  strong  nitric 
and  Sulphuric  acids,  it  is  converted  into  glyceryl  nitrate,  or  nitro-glyeerinc. 
For  the  manufacture  of  nitro-glycerine  on  a  large  scale,  Nobel  recommend^ 
that  one  part  of  good  glycerine  be  allowed  to  flow  in  a  thin  stream  into 
a  well-cooled  mixture  of  four  parts  of  concentrated  sulphuric  acid  and  one 
part  of  the  very  strongest  nitric  acid  (  1.-VJ  specific  gravity),  the  mixture  U-ing 
contained  in  a  wooden  vessel  lined  with  lead.  Mean-  -hould  be  provided  by 
which  the  mixture  can  at  once  be  run  into  a  large  quantity  of  water  should  tin- 
action  threaten  to  become  too  violent.  On  standing,  the  nitro-glycerine  sepa- 


C8 


INDUSTRY  OF  THE   FATS  AND   FATTY  OILS. 


rates  as  a  layer  on  the  surface  of  the  acid,  and  is  skimmed  oif  and  washed 
with  water  and  solution  of  sodium  carbonate  to  get  rid  of  every  trace  of  free 
acid.  Or,  according  to  the  same  authority,  a  mixture  is  made  of  one  part 
nitre  with  3.5  parts  of  sulphuric  acid  (1.83  specific  gravity),  the  mixture 
cooled  to  32°  F.  (0°  C.),  and  the  liquid  poured  off  from  the  acid  potassium 
sulphate,  which  separates  out ;  into  this  liquid  the  glycerine  is  slowly  dropped, 
the  mixture  poured  into  water,  and  the  separated  nitre-glycerine  washed 
thoroughly  and  dried.  The  yield  is  two  hundred  and  twenty-three  per 
cent,  of  the  glycerine  used. 

It  has  been  suggested  to  mix  the  glycerine  beforehand  with  the  sulphuric 
acid,  and  then  run  this  mixture  into  the  nitric  acid,  and  it  is  claimed  that 
the  elevation  of  temperature  is  less  than  when  the  ordinary  method  is  fol- 
lowed ;  but  the  process  does  not  seem  to  have  been  satisfactory  in  practice 
when  tried  in  England. 

When  absorbed  by  infusorial  earth,  "  kieselguhr,"  sawdust,  mica  powder, 
or  other  inert  porous  material,  nitro-glycerine  forms  the  different  varieties 
of  dynamite,  and,  when  combined  with  gun-cotton,  it  constitutes  the  explosive 
known  as  "  blasting  gelatine." 

m.  Products. 

1.  PURIFIED  OILS,  FATS,  AND  WAXES,  AND  PRODUCTS  FROM  THE  SAME. 
— Most  of  the  important  oils,  fats,  and  waxes  have  already  been  described  as 
raw  materials,  and  the  methods  of  purifying  them  have  been  noted.  The 
purified  oils  are  in  some  cases  the  final  products  sought,  and,  in  some  cases, 
only  improved  raw  materials  for  the  main  industries,  like  soap-making,  candle- 
making,  and  glycerine  extraction.  These  purified  oils  having,  therefore,  been 
referred  to  as  raw  materials,  will  not  be  further  noted.  A  number  of  side- 
products,  obtained  with  or  produced  from  these  oils,  remain  to  be  mentioned. 

One  of  these  minor  products  of  great  value  is  the  oil-cake,  or  compacted 
mass  of  crushed  seeds  or  nuts,  from  which  the  oil  has  been  expressed  or 
extracted.  This  contains  all  of  the  woody  fibre  and  mineral  matter  of  the 
seed  or  nut,  the  residue  of  oil  or  fatty  matter  not  extracted,  and,  what  gives 
it  special  value,  the  proteids  or  nitrogenous  constituents.  The  oil-cake  thus 
becomes  a  most  valuable  cattle  food  and  a  basis  for  artificial  fertilizers.  The 
following  table  gives  the  composition  of  a  number  of  the  most  important 
oil-cakes : 


Water. 

Fat. 

Non-Nitrogen- 
ous Materials. 
Woody  Fibre. 

Ash. 

Protein 
Material. 

Nitrogen. 
Per  Cent. 

Earth-nut  cake 

11.50 

8.80 

81.10 

7.25 

41.35 

6.80 

Cotton-seed  cake 

13.00 

7.50 

51.00 

8.50 

2000 

2.90 

Rape-oil  cake    . 

10.12 

9.23 

41.93 

6.48 

31.88 

5.00 

Colza-oil  cake  . 

11.35 

9.00 

42.82 

6.28 

30.55 

4.50 

Sesame-oil  cake 

10.35 

10.10 

38.80 

9.80 

31.93 

5.00 

Beech-nut  cake 

11,40 

8.50 

49.80 

5.30 

24.00 

3.20 

Linseed  cake     . 

10.56 

9.83 

44.61 

6.50 

28.50 

4.25 

Camelina  cake  . 

9.60 

9.20 

50.90 

7.00 

23.30 

3.60 

Poppy-oil  cake 
Sunflower-oil  cake 

9.50 
10.20 

890 
8.50 

37.67 
48.90 

11.43 
11.40 

32.50 
21.00 

5.00 
2.40 

Hempseed  cake 

10.00 

8.26 

48.00 

12.24 

21.50 

3.30 

Palm-nut  cake  . 

9.50 

8.43 

40.95 

10.62 

30.40 

4.50 

Cocoa-nut  cake 

10.00 

9.20 

40.50 

10.50 

30.00 

4.50 
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It  will  be  seen  in  this  table  that   they  vary  in   pn.tcids  or  flesh-l'-Tining 
constituents  <|iiitc  widely.      All  of  thtte  OftkeB,  how.  \ . -rf  are  too  rich  in  il 
pmteid-  and  in  lat-  to  he   u-ed    unmixed  as  fodder.      They  are,  in   j»ra«  i 

mixed    with    cereal-,   hay,  and   straw,  and  thru -titute   a  valuable    food. 

The  a-h  is,  moreover,  v«-ry  rich  in  ph«-phone  a. -id    and   in    p<.ta-h,  and  this 
explain-  its  value  i'or  I'ertili/er  manufacture. 

Thus  it  is  Stated  that,  a-  a  fertili/.  -r.  <»m  -t-.n  of  ootton-8ccd-hiill  a-he>  lias 
as  iniicli  value  as  finir  and  on. --hall'  of  average  li ml  \d  ashes,  or  fifteen 
of  leached  hard-wond  a-hes. 

The  amount   of  oil-cake  obtained    i'rom   the  expression  of  the  different 

vegetable  oil>  benarmous,     Thus  it  is  stated  that  one  ton  of  hulled  oot- 
ton-see<l   (constituting  forty  per  cent,  of  the  raw  cotton)   will   yield  eight 
hundred  pounds  of  cotton-seed  cake  ami  forty-five  gallons  of  crude  e«,tt 
seed  oil.      The  amount  oferude  cotton-seed  annually  obtained  in  the  l*n 
States  is  estimated  at  i'our  thousand  million   pounds,  half  of  which  only  is 
required  for  so  win*:. 

The  accompanying  table,  prepared  by  Grimshaw,  will  show  how  thor- 
oughly the  cotton-seed  is  now  utilized  : 

Cotton-seed,  2000  pounds. 


Meats,  1089  pounds.          Lint,  20  pounds.  Hulls,  891  pounds. 


Cake,  Crude  oil.  Fibre. 

800  pounds  289  pounds. 

i 1  High-grade 

Meal.        Summer  Soap  stock.          paper, 

yellow. 

Soap. 


Salad  oil- 
Summer  white- 
Lard 

I 

Winter        Cottor 
yellow.          steai 

Miners'  oil 

An  important  manufactured  oil  is  what  is  known  as  "Turkey-red  nil," 
used  in  the  process  of  alizarin  dyeing.  (Sec  p.  \i\~2.)  There  are,  in  tin-i,  two 
entirely  distinct  oils  known  under  this  name.  One  is  simply  an  inferior  grade 
of  olive  oil,  that  known  as  "  Gallipoli  oil,"  and  for  this  particular  n-e  i-  pre- 
pared from  somewhat  unripe  olives,  which  are  stivpi-d  for  some  time  in  \xt\\- 
ing  water  before  being  pressed.  This  treatment  eau.-es  the  oil  to  contain  a 
large  proportion  of  extractive  matter,  and  hence  it  soon  becomes  rancid. 
This  preparation  has  long  been  used  in  tin- old  process  of  Turkey-red  dye- 
ing, under  the  name  hullf  toumaritc.  The  other,  us»«d  for  Modocillff  alianfl 
reas  by  the  <|iiick  process,  is  the  ammonium  salt  of  tu^pno-rioi  •••/'// 

(QfBLfHSOAO,),  a  body  which  is  obtained  mixed  with  unaltered  gly<vrides 
and  with  products  of  its  decomposition  by  the  action  of  sulphuric  acid  upon 
castor  oil. 

From  linseed  oil,  as  the  most  important  of  the  das-  of  drying  oils,  is 
prepared  a  product  of  great  value  for  paint  and  varnish  manufacture.  (See 
p.  !•").)  What  is  called  ik  boiled  oil"  is  linseed  oil,  which  has  been  heated  to 
a  high  temperature  (180°  (\  and  upward),  while  a  current  of  air  is  passed 
through  or  over  the  oil,  and  the  temperature  inciva-ed  until  the  oil  begin-  to 
effervesce  from  evolution  of  products  of  decomposition.  By  adding  litharge, 
red-lead,  ferric  oxide,  or  manganese  dioxide,  or  hydrate,  during  the  process 
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of  boiling,  the  oxidation  and  consequent  drying  of  the  product  is  still 
further  facilitated.  The  nature,  proportion,  and  mode  of  adding  these 
substances  is  usually  kept  jealously  secret.  Lead  acetate  and  manganous 
borate  are  among  the  most  approved.  The  action  of -some,  at  least,  of 
these  "dryers"  (e.g.,  compounds  of  manganese)  seems  to  be  that  of  car- 
riers of  oxygen,  while  litharge  dissolves  in  the  oil  and  acts  partly  as  a 
carrier  of  oxygen  and  partly  as  the  base  of  certain  salts  which  oxidize  very 
rapidly. 

2.  SOAPS. — In  noting  the  processes  for  practical  soap-making,  the  follow- 
ing classes  of  soaps  were  indicated  :  (1),  compact  soaps,  including  (a)  curd 
soaps,  (6)  mottled  soaps,  and  (c)  yellow  soaps ;  (2),  smooth  or  cut  soaps ;  (3), 
filled  or  padded  soaps ;  and  (4),  soft  or  potash  soaps. 

The  most  important  difference  between  the  compact,  cut,  and  filled  soaps 
is  the  amount  of  water  present  in  the  soap.  In  the  compact  soap  it  may 
vary  from  ten  to  twenty-five  per  cent.,  in  the  cut  soap  from  twenty-five  to 
forty-five  per  cent.,  and  in  the  filled  soap  from  forty-five  to  seventy-five 
per  cent.  In  addition,  the  filled  soap  contains  the  glycerine,  spent  lye,  and 
other  impurities  of  the  soap  copper. 

The  following  table  of  analysis,  by  Mr.  C.  Hope,  as  quoted  by  Allen,* 
will  illustrate  the  composition  of  a  variety  of  soaps  belonging  to  these  sev- 
eral classes  : 


NAME  OF  SOAP. 

MATERIALS. 

Fatty  and  resin  an- 
hydrides. 

3 
bo 

\ 

1 
53 

Soda  as  silicate. 

Sodium  carbonate 
and  hydrate. 

Neutral  salts,  lime,  1 
and  iron  oxide. 

1 

t 

White  No  1 

Tallow 

69.06 
60.50 
55.71 
44.27 

71.30 

49.95 
71.20 
62.66 
59.28 
38.89 
59.92 
42.41 
60.69 
48.20 
39.92 
63.06 
10.90 
19.42 

8.98 
6.82 
6.90 
6.23 

7.98 

7.00 
7.58 
7.27 
6.65 
5.76 
6.76 
4.14 
7.22 
5.00 
4.70 
7.25 
1.36 
3.11 

.01 

.06 
.03 
7.02 

1.07 

2.34 
.06 
.06 
.42 
6.40 
.02 
5.64 
.04 
.42 
.62 
.02 
.03 
9.00 

2.36 
.48 

1.01 
.03 
.03 
.01 
1.29 

1.59 

'.18 
.25 

3.98 

.27 
.06 
.92 
.75 

.75 

.33 
.22 
.77 
.39 
1.62 

2'.io 

.15 
.20 
.10 
Trace 
3.00 

.72 
.39 
.26 
1.00 

.82 

1.01 
1.03 
1.22 
.76 
2.53 
1.70 
.51 
.60 
.90 
1.81 
1.90 
3.27 
5.64 

21.14 
32.20 
36.54 
38.14 

17.44 

38.18 
19.70 
28.20 
32.35 
38.70 
31.30 
42.88 
31.22 
45.00 
52.40 
27.47 
84.00 
53.32 

100.18 
100.03 
100.36 
99.77 

99.84 

99.82 
99.82 
100.21 
99.86 
95.19 
99.75 
99.93 
100.00 
99.80 
99.90 
100.00 
99.56 
97.47 

White  No.  2  

Tallow  and  cocoa-nut  oil  .  . 
Tallow  and  cocoa-nut  oil  .  . 
Tallow  and  cocoa-nut  oil  .  . 
Tallow,  rosin,  and  cotton- 
seed oil     
Tallow,  rosin,  and  cotton- 
seed oil 

White  No  3                   .  . 

White  No  4 

Cold  water  No  1    .  . 

Cold  water,  No  2  

Olive  oil,  No  1  

Olive  oil  

Marseilles   No  1 

Chiefly  olive  oil   

Palm  oil,  No.  1  
Mottled          

Palm-nut  oil  

Tallow  and  rosin 

Glasgow  almond  

Tallow  and  rosin  

Tallow  and  rosin  
Tallow  and  rosin  

Pale  Rosin  No.  2    

Pale  Rosin,  No.  3    
Milling 

Tallow  and  rosin  

Not  mentioned 

Yellow  (for  foreign  markets) 
Marine  (for  emigrants)    .  . 

Not  mentioned  

Palm-nut  oil                    .   "  " 

Two  of  these  samples,  those  designated  as  "  mottled"  and  "  marine,"  were 
prepared  by  the  "  cold  process"  (see  p.  60),  which  accounts  for  the  totals 
being  appreciably  less  than  100.00,  as  the  glycerine  was  retained  in  the 
soap. 

The  chief  soaps  of  pharmacy,  as  analyzed  by  M.  Dechan,f  are  composed 
as  follows  : 


Allen,  Commercial  Organic  Analysis,  2d  ed.,  vol.  ii.  p.  272. 
Pharmaceutical  Journal  [3],  xv.  p.  870. 
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DESCRIPTION  or  SOAP. 
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|l 

JS 

%l 

! 

P 

"3 

1 

1 

00 

9* 

CO 

!* 

1 

—  2 

•— 

1  soap  (aapo  durtu)  .    .    . 

81.  ft 

0.99 

.08 

.00 

.28 

0.20 

law 

0.50 

White  Cattile  Map  («.Cb«*.  oft.) 

76.7 

9.14 

.09 

.00 

::>', 

0.90 

» 

Mottled  Castile  soap    .    .    .    . 

58.1 

S  '.I 

.19 

.15 

.68 

0.80 

•Jl  7" 

1.30 

Tallow  soap  (sajHi  iiiihnalia)   . 
S.  't't  soap  (sapo  moltis)     .    .    . 

78.3 
48.6 

9.57 
12.6 

.28 
.88 

.00 
.17 

17 
.98 

(1    10 

1.00 

12.50 
39.50 

1.10 

1.60 

Toilet  soaps  do  not  differ  in  essential  mmjwsition  from  tin-  best  of  com- 
pact and  cut  soaps,  as  given  above,  but  they  are  prrfumed  and  given  -mall 
additions  of  cosmetic  or  hygienic  preparations.  They  an-  prepared  in  one 
of  three  ways:  (1),  by  a  melting  of  plain  soape  :  (2),  a  cold  perfuming  and 
pressing  of  finely-divided  plain  soaps;  and  (3),  direct  preparation  from  the 
raw  soap-making  materials. 

Transparent  soaps  are  obtained  by  dissolving  the  soaps  in  alcohol  and 
drying  the  solution  in  moulds, — a  slow  process. 

Glycerine  soaps  are  obtained  by  dissolving  the  soap-  in  glycerine  by  the 
aid  of  heat.  The  glycerine  imparts  a  strength  to  the  lather. 

3.  CANDLES. — The  candle-making  materials  have  already  Ixvn  « -mum T- 
ated.     (See  p.  65.)     Tallow   and  wax    candles  were   the   earliest    in    use. 
Stearine  candles,  known  also  under  the  name  of  Milly  candles,  from  the 
French  inventor  of  several  of  the  processes  of  saponification,  came  into  use 
in  1831.     About  the  same  time  paraffine,  first  obtained  in  quantity  from 
bituminous  shales,  and  later  from  ozokerite  and  jx'troletun,   \\;i-   n-ed   for 
candle-making.     These   are  also  known  under  the  name  of  "Belmontin 
candles,"  from  the  locality  of  the  J.  C.  &  J.  Field  candle- works,  in  London. 
(  andles  of  mixed  stearic  acid  and  paraffine,  under  the  name  of  Stella  or 
Apollo  candles,  were  then  manufactured.     The  Galician  o/okerite  is  also 
purified  by  sulphuric  acid,  and  under  the  name  of  ceresine  (see  p.  31)  is 
used  in  Austria  for  candle  manufacture.     Beeswax  and  spermaceti,  as  before 
Mated,  are  high-priced  materials,  and  are  used  for  special  classes  of  candle-. 
The  paraffine  and  stearine  candles  and  those  which  are  mixtures  <»t'  these 
materials  are  now  most  generally  in  UM-. 

4.  OLEOMARGARINE  OR  BUTTERINK.     (See  p.  246.) 

5.  GLYCERINE   AND   NITRO-GLYCEHIM:. —  The   chemical  compound 
which  is  liberated  along  with  the  fatty  acid<  when  the  fat-  arc  sip<>nitied  by 
any  of  the  various  processes  already  narrated  is  a  triatomic  alcohol,  called 
glycerine.     When  purified  and  made  ah-nlute.  it  is  a  eolorle--,  vi-cid  liquid, 
without  odor,  but  with  a  pronounced  sweet  taste.     The  specific  gnivitv  <>t 
the  absolute  glycerine  is  about  1.266  at  15°  C.      When  kept  for  a  long  time 
at  0°  C.,  rhombic  crystals  are  formed,  their  production  being  greatly  facili- 
tated by  the  presence  of  a  ready-formed  crystal.     The  crystals  are  hard  and 
gritty,  but  deliquescent.     It  boils  under  ordinary  pre— ui-e  at  290°  C.,  not 
without    decomposition.     It   is    highly    hygroscopic,   and    is    miseible  with 
water  in  all  proportions.     Glycerine  is  miseiblc  with  alcohol  in  all  propor- 
tions, but  is  insoluble    in    chloroform,    heii/ene,    pctrulemn   spirit,   carbon 
disulphide,  or  fixed  oils.     Glycerine  is  nearly  insoluble  in  ether,  from  which 
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it  separates  any  alcohol  or  water.  When  glycerine  is  heated  with  a  dehy- 
drating agent  (e.g.,  concentrated  sulphuric  acid),  irritating  fumes  of  acrolein 
(acrylic  aldehyde),  C3H3OH,  are  evolved,  smelling  of  burning  fat.  By 
far  the  largest  application  of  glycerine  is  for  the  manufacture  of  nitro- 
glycerine, but  it  is  also  employed  extensively  in  the  manufacture  of  toilet 
soaps,  for  filling  gas-meters  and  tubes  in  situations  liable  to  be  exposed  to 
great  cold,  and  in  pharmacy  and  medicine.  It  is  also  used  for  the  preser- 
vation of  food  products,  and  for  the  treatment  (scheelizing)  of  wine,  vine- 
gar, and  beer. 

Nitro-glycerine  is  a  heavy,  oily  liquid  of  1.600  specific  gravity  at  15°  C. 
The  commercial  preparation  is  usually  yellowish  to  brownish,  although  the 
pure  oil  is  colorless.  It  has  no  marked  odor,  but  is  sensibly  volatile  at 
ordinary  temperatures,  and  the  vapor  causes  a  violent  headache  in  those 
unaccustomed  to  it ;  but  people  constantly  employed  in  mixing  and  handling 
dynamite  do  not  suffer  from  the  effects.  Nitro-glycerine  has  recently  been 
employed  in  medicine,  especially  for  the  treatment  of  angina  pectoris. 
Nitro-glycerine  is  not  readily  inflammable,  and  when  ignited  commonly 
burns  with  a  greenish  flame,  without  explosion.  The  most  characteristic 
property  of  nitro-glycerine,  and  that  which  gives  it  by  far  its  most  important 
application,  is  that  of  exploding  with  extreme  violence  when  smartly  struck 
or  compressed  or  when  dropped  on  an  iron  plate  heated  to  257°  C.  The 
presence  of  free  acid  in  nitro-glycerine,  however,  makes  it  liable  to  sponta- 
neous decomposition  and  explosion. 

Nitro-glycerine  is  easily  saponified  by  alcoholic  potash,  and  is  reduced  by 
various  deoxidizing  agents. 

Dynamite  has  already  been  stated  to  be  simply  a  mechanical  mixture  of 
nitro-glycerine  with  inert  absorbents  like  infusorial  earth,  etc. 

Lithofracteur  is  an  explosive  in  which  nitro-glycerine  is  absorbed  by  gun- 
powder or  similar  active  agent,  instead  of  by  an  inert  substance  like 
"  kieselguhr."  Dualine  is  a  mixture  of  nitro-glycerine  and  nitrated  sawdust, 
and  giant  poivder,  rendrock,  etc.,  are  similar  mixtures.  Thus,  General 
Abbott  gives  the  composition  of  the  Atlas  powder  manufactured  by  the 
Repauno  Chemical  Company,  of  Philadelphia,  as  follows : 

A  powder.  B  powder. 

Sodium  nitrate 2  34 

Woody  fibre 21  14 

Magnesium  carbonate 2  2 

Nitro-glycerine 75  50 

Blasting  gelatine  or  gelatine  dynamite  is  a  mixture  of  about  eighty  parts 
of  nitro-glycerine  with  twenty  of  nitro-cellulose.  Any  unnitrated  cotton  or 
trinitro-cellulose  interferes  with  the  solution  of  the  nitro-glycerine.  The  addi- 
tion of  four  per  cent,  of  camphor  renders  the  mixture  incapable  of  exploding 
when  struck  by  a  rifle-bullet,  but  it  can  be  detonated  by  a  strong  dynamite 
cap. 

IV.  Analytical  Tests  and  Methods. 

1.  FOR  OILS  AND  FATS. — The  total  amount  of  oil  in  any  particular 
oil-seed  or  other  material  is  always  an  important  matter  to  determine. 
This  is  best  effected  by  treating  the  finely-divided  and  previously-dried 
substance  with  solvents  under  such  conditions  as  to  insure  complete  ex- 
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traction.  A  form  of  apparatus  in  \vhi< -h  this  can  be  effected  with  the 
minimum  amount  of  the  solvent  is  what  is  called  an  oleometer.  On.  of  the 
best  of  these  is  the  Soxhlct  <-\tr:i'-t«»r,  -hown  in  Fig.  32,  where  A  n-|»n-«-nt- 
the  extractor,  />'  the  distillation  flask,  C  the  condenser,  and  D  the  siphon- 


Fio.  83. 


"D 


tube  which  empties  the  extractor. 
A  is  filled  to  three-fourths  its 
capacity  with  the  powdered  oil- 
seed, and  the  bulb  B  is  half  filled 
with  petroleum-ether,  carbon  di- 
sulphide,  or  proper  solvent.  The 
apparatus  is  then  connected,  as 
shown  in  the  cut.  As  the  Soxhlet 
apparatus  is  rather  fragile  and  liable  to  break  in  handling,  it  may  be  re- 
placed by  simpler  forms  of  extractors.  Such  an  one  is  the  Thorn  < -\tra«  -t«»r, 
shown  in  Fig.  33,  the  parts  of  which  are  easily  understood  from  the  illus- 
tration. 

To  recover  the  oil  from  its  solution  in  the  ether  or  other  liquid  employed, 
the  solvent  should  be  distilled  off  at  a  steam  heat,  and  the  last  traces  of  it 
removed  by  placing  the  flask  on  its  side  and  heating  it  in  the  water-oven 
until  constant  in  weight. 
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The  physical  constants  which  are  relied  upon  as  characteristic  in  the  case 
of  oils  and  fats  are  specific  gravity,  and  in  the  case  of  solid  fats,  fusing 
points.  Boiling-points  are  not  relied  upon,  because  of  the  partial  decom- 
position which  fixed  oils  usually  undergo  when  heated  to  high  temperatures. 

Specific  gravity  in  the  case  of  the  liquid  oils  may  be  determined  with 
the  aid  of  the  specific  gravity  bottle,  the  Sprengel  tube,  or  the  Westphal 
hydrostatic  balance.  The  first  of  these  is  so  well  known  from  elementary 
works  on  chemistry  as  to  need  no  description  here.  The  Sprengel  tube  is  a 
U-shaped  tube,  of  which  the  two  ends  terminate  in  capillary  tubes  bent  at 
right  angles  to  the  sides.  The  tube  is  completely  filled  with  oil  by  im- 
mersing the  open  end  of  one  tube  in  the  liquid  and  gently  sucking  the  air 
out  from  the  other  orifice.  The  U-tube  is  then  placed  in  the  mouth  of 
a  conical  flask,  containing  boiling  water  (if  the  determination  is  to  be  made 
at  100°  C.)  or  water  at  any  other  fixed  lower  temperature.  The  excess  of  oil 
that  escapes  at  the  orifices  of  the  tube  is  wiped  off  with  soft  paper,  and  when 
the  expansion  ceases  the  tube  is  removed,  wiped  dry,  allowed  to  cool,  and 
weighed.  The  calculation  can  then  be  made,  knowing  the  weight  of  the 
tube  empty  and  filled  with  water  at  the  same  temperature,  or  at  15°  C.  The 

FIG.  34. 


Westphal  balance  is  shown  in  Fig.  34.  The  thermometer  or  other  plummet 
used  displaces  a  definite  volume  of  the  oil,  so  that  the  loss  in  weight  is  the 
weight  of  this  bulk  of  the  oil  under  examination. 
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The  melting  point  of -..lid  tin-  may  !..•  -,.tt<-n  with  r<.ii-idcrablr  a«viiracy 
by  tin-  melting-point  method  in  «H-n.-ral  IM-  in  chemical  lain  ,rat«  .rics.  A 
capillary  tube  is  tilled  with  the  tat  \\hilc  thi-  i-  in  the  melted  state,  and 
then,  after  allowing  it  to  cool  and  >olidi!y,  attach  the  tnlx  to  the  item 
delicate  thermometer  and  immcr-c  the  thermometer  in  a  U-akcr  of  water, 
which  is  then  gradually  heated  np  until  the  melting  point  of  the  fat  i- 
reached,  and  it  limnetic-  in  the  capillary  tulx  .  Th-  temperature  at  which 
tin-  takes  place  is  at  once  read  off  on  the  attached  thermometer.  To  in-mv 
accuracy  it  is  desirable  to  immerse  the  beaker  of  water  in  an  outer  \,--,  ] 
also  filled  with  water,  to  which  the  heat  i-  applied. 

A  variety  of  chemical  reactions  have  been  taken  at  one  time  or 
another  to  serve  to  distinguish  between  the  different  animal  and  vegetable 
oils  and  fats.  Many  are  unreliable  and  the  iv-nlt>  contradictory,  BeCKUM 
dependent  upon  special  conditions,  so  that  no  great  value  attaches  to  them. 
This  statement  may  fairly  be  said  to  apply  to  most  of  the  color-reaction- 
which  are  gotten  by  the  action  of  sulphuric  and  nitric  acids  upon  the  dif- 
ferent oils  and  to  the  differences  in  elevation  of  temjM  ratnre  caused  by  the 
addition  of  concentrated  sulphuric  acid  to  the  fatty  oils. 

Much  more  promising,  as  affording  general  reactions  for  the  distingnMi- 
ing  of  the  different  oils  and  fats,  are  two  processes  of  treatment  «juite  re- 
cently brought  to  notice,  viz.,  the  "  saponification-equivalent"  and  the 
"  bromine  and  iodine  absorption"  methods. 

The  first  of  these  methods,  due  to  Koettstorfer,  is  carried  out  as  follow- . 
About  1.5  to  2.5  grammes  of  the  fat  is  treated  with  twenty-five  cubic  centi- 
metres of  one-half  normal  alcoholic  potash  ;  when  saponification  has  taken 
place,  one  cubic  centimetre  of  an  alcoholic  solution  of  uhenol-phthalcin  i- 
added  and  the  liquid  titrated  with  one-half  normal  hydrochloric  arid.  A 
blank  experiment  is  then  made  by  titrating  twenty-live  cubic  centimetres  of 
the  alcoholic  potash  alone,  and  the  difference  in  the  volumes  of  the  acid 
used  gives  the  volume  of  the  potash  solution  neutralized  by  the  fat,  each  one 
cubic  centimetre  corresponding  to  .02805  gramme  of  pota— inm  hydrate, 
whence  the  saturation-equivalent  is  easily  calculated.  The  following  are  a 
lew  examples : 


OIL  OR  FAT. 

Grammes  of  KOH 
per  one  hundred 
of  fat. 

Average 

saturation- 
vijuivalent. 

T:il  low 

19.32  to  19.80 

286.9 

L:ird     . 

19.20  to  19.65 

•jss  S 

Cocoa-nut  oil    

24.62  to  26  84 

Palm-nut  oil  

22.00  to  24.76 

Olive  oil  .       .                   

19.10  (avt  : 

Cotton-seed  oil  ...                                      

19.38  (average) 

289.4 

Kapi'  oil  

17.33  (average) 

Linseed  oil  ....       .    .               .    .        

19.13  (average) 

293.2 

Mutter  fat    

22.15  to  23.24 

847.0 

Butterine 

19.35  to  19.65 

287.7 

j  Sperm  oil 

12.84  to  14.74 

380  to  454 

Spermaceti 

1"  v<    ;,Nrrage) 

•J:1.'.  'J 

Beeswax  ...                                                           .    . 

9.45  (average) 

;,'.*:;  .; 

The  numbers  in  the  last  column  designated  as  "  saturation-equivalents" 
represent  the  number  of  grammes  of  the  oil  or  fat  in  question  that  would  be 
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decomposed  by  one  equivalent  of  potassium  hydrate  in  grammes,  and  is  ob- 
tained by  dividing  the  percentages  of  the  second  column  into  the  number 
5610,  which  is  the  molecular  weight  of  KOH  multiplied  by  100.  These 
saturation-  or  saponification-equivalents  are  quite  characteristic  for  pure 
oils  or  fats,  and  allow  of  the  recognition  of  adulteration  in  many 
cases. 

The  bromine  and  iodine  absorption  methods  depend  upon  the  percentage 
of  bromine  or  iodine  taken  up  by  the  oil  under  conditions  intended  to  insure 
the  formation  of  addition-compounds  only.  The  fatty  acids  of  the  acetic  or 
stearic  series  are  saturated  bodies,  which  do  not  form  addition-compounds 
with  bromine  or  iodine  while  the  acids  of  the  acrylic  or  oleic  series  combine 
with  two  atoms  of  a  halogen,  and,  those  of  the  propiolic  or  linoleic  series, 
with  four  atoms  of  a  halogen.  The  glycerides  of  the  acids  of  these  three 
series  behave  similarly  to  the  free  acids,  so  that  the  determination  of  the 
percentage  of  bromine  or  iodine  assimilated  gives  a  measure  of  the  proportion 
of  olein  as  against  palmitin  and  stearin  in  a  fat,  and  of  the  linolein  of  a  drying 
oil  as  compared  with  the  olein  of  a  non-drying  oil. 

The  bromine  absorptions  of  various  fixed  oils  have  been  determined  by 
Mills  and  others  (Journ.  Soc.  Chem.  IncL,  ii.  p.  435 ;  iii.  p.  366),  the  method 
of  operating  ultimately  adopted  being  shortly  as  follows  :  About  .1  gramme 
of  the  oil,  previously  deprived  of  all  trace  of  moisture  by  heating  or  filtra- 
tion through  paper,  is  placed  in  a  stoppered  bottle  of  about  one  hundred 
cubic' centimetres  capacity,  and  dissolved  in  fifty  cubic  centimetres  of  carbon 
tetrachloride  (carbon  disulphide  was  first  used),  previously  dried  by  calcium 
chloride.  An  approximately  decinormal  solution  (eight  grammes  per  litre)  of 
bromine  in  dry  carbon  tetrachloride  having  an  exactly  known  strength  is 
then  added  gradually  to  the  solution  of  oil  until  there  is,  at  the  end  of  fif- 
teen minutes,  a  permanent  coloration.  This  is  compared  with  a  coloration 
similarly  produced  in  a  blank  experiment,  and  thus  a  measure  of  the  bro- 
mine-absorption is  obtained.  If  great  accuracy  be  desired,  an  excess  of 
bromine  may  be  used,  aqueous  solution  of  potassium  iodide  and  starch  added, 
and  the  solution  titrated  back  with  a  standard  solution  of  sodium  thio- 
sulphate. 

A.  H.  Allen  uses  a  modification  of  this  process,  which  he  terms  the 
"  moist  bromine  process/7  in  which  aqueous  solutions  are  used. 

The  following  table  of  absorptions  obtained  by  Mills*  with  different 
mineral  and  fatty  oils  shows  the  results  of  the  process  : 

Substance. 

Illuminating  mineral  oil,  specifier  gravity  .8069 27.57 

Illuminating  mineral  oil,  specific  gravity  .8045 30.31 

Lubricating  shale  oil,  specific  gravity  .860 22.24 

Lubricating  shale  oil,  specific  gravity  .870 20.59 

Lubricating  shale  oil,  specific  gravity  .890 12.59 

Lubricating  shale  oil,  specific  gravity  .900 11.72 

American  vaseline 5.55 

Paraffine,  fusing-point  51.7°C 52 

Coooa-nut  oil 5.70 

Palm  oil 34.79 

Cotton-seed  oil •  49.97 

Olive  oil 54,00 

Castor  oil 58.34 

Rape  oil 69.43 


*  Journ.  Soc.  Chem.  Ind.,  November  29,  1883. 
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Subetance. 
Lin-cod  oil  ...........................     76.09 

LillM-r.l  oil    iln.ilrd)    ...............  .    lO&tt 

Strarir  acid     ................... 

Hmt.T  (from  fresh  cream)  ....................    ! 

Hultrr    ^•oiiiin.-ivial)    ......................    24.49 

Butterine  (Scotch)    .......................    86.82 

Hiitt.-riiu-  ^l-Vnrli)    ....................... 

!:it  ............................     ::.">.<>1 

Lanl     .............................     ::7  :.". 

Wiiit'-r  spi-nu  oil  ........................     .">•;.  m 

Cod-liver  oil  ..........................    si    -l 

Skate  oil  (unrefined)    ......................  liM.60 

Skate  oil  (filtered)     ......................   KM 

Aniline    ...........................  169.80 

Purified  resin  oil  ........................    4(M19 

Turpentine  (moist)  ......................      MM  ..... 

TurpcntiiH-  (dry)  ........................  BS&QO 

Turpentine  (Bustian)  ................   ......  •_'•-'<>.:<> 

The  iodine  absorptions  of  various  fixed  oils  have  been  determined  by 
Hiibl,*  who  prefers  this  test  to  the  bromine  absorption.  He  employs  an  alco- 
holic solution  of  mixed  iodine  and  mercuric  chloride  :  twenty-live  grammes 
of  iodine  are  dissolved  in  one-half  litre  of  alcohol,  ninety-five  per  eent.,  free 
fnnn  fusel  oil,  and  thirty  grammes  of  mercuric  chloride  in  another  one-half 
litre  of  the  same.  The  two  solutions  are  then  mixed  after  filtration,  if  neces- 
sary, and  used  after  twelve  hours'  standing  ;  it  must  also  U>  standard!/-  d 
immediately  before  or  after  use.  About  .2  to  .4  gramme  of  oils  and  .s  to  1 
gramme  of  solid  fats,  is  weighed  off,  and  dissolved  in  ten  cubic  centimetres  of 
chloroform;  twenty  cubic  centimetres  inline  solution  is  added,  and  -iicces- 
sive  additions  of  live  or  ten  cubic  centimetres  are  made  until,  after  two 
hours,  the  solution  has  a  dark-brown  tint.  Ten  to  fifteen  cubic  centi- 
metres of  a  ten  per  cent,  aqueous  solution  of  potassium  iodideaiv  then  add.  d, 
and  one  hundred  and  fifty  cubic  centimetres  of  water.  The  free  iodine  i- 
then  titrated  with  a  solution  of  -odium  thiosulphate  euiitaininLr  twenty-four 
grammes  per  litre.  The  amount  of  iodine  absorbed  is  calculated  into  unit-  p.-r 
cent,  of  the  fat,  and  may  be  conveniently  termed  the  iodine  decree.  Thi- 
numl)cr  appears  to  be  tolerably  constant  for  each  oil,  or  da--  of  oil-,  and  i- 
InLihest  with  the  vegetable  drvini:  oils,  as  will  be  seen  by  this  short  li-t 
taken  from  Hiibl's  table:  Linseed  oil,  1">S  ;  hemp-seed  oil,  II:1,;  c..tton- 
seed  oil,  106;  olive  oil,  82.8;  lard,  ">!)  ;  palm  (»il,  51.5  j  tall«»w,  -lo  ;  cocoa- 
nut  oil,  8.9. 

Hubl's  method  of  uxlinc  absorption  has  been  found  very  u-etiil  in  di- 
tiniiruishin«r  the  presence  of  cotton-see<l  oil  in  both  lard  and  tallow.  Thus, 
pure  cotton-seed  oil  has  an  iodine  absorption  jM-r  cent,  of  In'.U,  while  pure 
tallow  has  onlv  1O.S,  and  tallow  with  five  per  cent,  of  cotton-seed  oil.  1  I  ; 
tallow  with  ten  per  cent,  cotton—  ^d  oil,  17.1,  with  fifteen  p.-r  cent..  19.7  j 
with  twenty  per  cent.,  -YJ.!)  ;  with  twenty-live  per  e.-nt..  ">iJ.  1  ;  with  thirty 
percent..  -V.i.i'  ;  and  with  forty  per  cent.,  (Kl.'J.i  In  the  case  of  lard,  tin- 
case  is  somewhat  com|)licated  l>\  the  lre«|iient  admixture  of  beef  stearine,  as 
well  as  cotton-seed  oil.  Pure  lard  appears  to  have  an  iodine  absorption  per 
cent,  of  fifty-seven  to  sixty-three  per  cent.,  while  Ixvf  stearine  has  only 
twenty-three  to  twenty-eight  |>er  (vnt.J 

*  Journ.  Soc.  Choin.  I  ml.,  iii.  p.  «41. 

f  R.  WilliaiiK.  ,I..urn.  S»c.  Cln-in.  In-1..  1>^^.  )-.  187. 

J  J.  Pattinson,  Journ.  S.-c.  flu'in.  Ind.,  1889,  p.  31. 
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For  qualitative  detection  only,  cotton-seed  oil  can  also  be  identified  in 
lard  by  Becchi's  test,  with  an  alcoholic  solution  of  silver  nitrate,  which  gives 
a  maroon  color  in  the  presence  of  the  cotton-seed  oil. 

Bizio  (Atti  del  R.  Institute  Veneto  di  Scienze,  iii.  6)  states,  however,  that 
this  coloration  will  be  produced  by  any  seed  oil,  olive  oil  among  others. 

The  adulteration  of  the  fatty  oils  very  frequently  calls  for  careful 
chemical  investigation.  The  presence  of  soap,  free  fatty  acids,  etc.,  in  them 
is  of  minor  importance ;  the  first,  readily  removable  by  washing  with  water 
after  dissolving  the  oil-sample  in  carbon  disulphide,  and  the  second  hardly 
to  be  called  an  adulteration,  as  free  fat  acids  are  normally  present  in  many 
vegetable  oils.  The  question  as  to  whether  they  are  present  may  be  settled 
by  Jacobsen's  method  of  adding  a  little  rosaniline  to  the  oil.  If  free  fatty 
acids  are  present,  the  oil  turns  red  in  color  in  consequence  of  the  formation 
of  rosaniline  oleate.  More  important  is  the  adulteration  with  resin  and  with 
hydrocarbon  oils.  In  the  absence  of  free  fatty  acids,  resin  may  be  isolated 
from  fixed  oils  by  agitating  the  sample  with  moderately-strong  alcohol,  sepa- 
rating the  spirituous  solution  and  evaporating  it  to  dryness.  The  sepa- 
ration of  the  resin  acids  from  free  fatty  acids  is  best  effected  by  a  method 
proposed  by  T.  S.  Gladding  (Amer.  Ckem.  Journ.,  iii.,  No.  6),  which  is 
based  upon  the  ready  solubility  of  silver  resinate  in  ether,  and  the  almost 
complete  insolubility  of  silver  oleate,  etc.,  in  the  same  menstruum,  even  in  the 
presence  of  a  small  quantity  of  alcohol.  For  details,  the  reader  is  referred 
to  the  original  article.  Hydrocarbon  oils  may  generally  be  determined  by 
saponifying  the  sample  with  alcoholic  potash  (five  grammes  oil,  two  grammes 
caustic  potash,  and  twenty-five  cubic  centimetres  ninety  per  cent,  alcohol). 
The  soap  so  obtained  is  mixed  with  clean  sand,  the  alcohol  evaporated  over 
the  water-bath  at  a  temperature  of  not  over  50°  C.,  and  the  residue  extracted 
with  ether  or  petroleum  spirit.  From  this  solution,  on  evaporation  of  the 
solvent,  will  be  gotten  any  hydrocarbons  present. 

An  outline  method  of  analyzing  fatty  oils  containing  foreign  mixtures, 
due  to  Allen,*  is  given  on  the  opposite  page. 

The  analysis  of  soaps  is  a  most  important  matter,  as  with  the  varying 
composition  of  soaps,  shown  on  page  70,  a  control  is  absolutely  necessary 
for  those  using  or  purchasing  in  quantity.  One  of  the  most  satisfactory 
schemes  for  a  complete  soap  analysis  is  that  of  A.  R.  Leeds,  which  is  given 
on  page  80.  A  similar  one,  agreeing  with  that  of  Leeds  in  general  out- 
lines, is  given  by  Allen  f  in  his  excellent  work  on  "  Commercial  Organic 
Analysis."  In  the  water  determination,  great  care  must  be  taken  to  heat  gradu- 
ally at  not  too  high  a  temperature  at  first  (40°  to  50°  C.),  and  then  slowly 
to  increase  to  100°,  and  continue  until  no  further  loss  of  weight  is  observed. 

The  separation  of  the  mixed  fatty  acids  is  usually  only  effected  in  the 
mechanical  way  described  in  connection  with  stearic  acid.  (See  p.  63.)  An 
exact  chemical  separation  of  these  higher  fatty  acids  is  hardly  possible. 
The  most  satisfactory  method  known  is  that  of  Heintz  (Journ.  fur  Pmc. 
Chem.j  Ixv.  i.),  based  on  the  fractional  precipitation  of  the  alcoholic  solution 
of  the  acids  with  magnesium  acetate.  This  salt  precipitates  acids  of  the 
stearic  series  more  easily  than  it  does  oleic  acid  and  its  homologues,  and  of 
the  different  homologues  of  the  stearic  series  those  of  the  highest  molecular 
weights  are  thrown  down  first. 


*  Allen,  Commercial  Organic  Analysis,  2d  ed.,  ii.  p.  87. 
|  Ibid.,  p.  251. 
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•iimercial  i:l\eerme  i-  -eldnm  free  from  contamination,  and  a  variety 
of  impuritio  aiv  liable  to  he  present.  The  impnritie-  of  TV*  gfaoerilM  IN 
much  greater  in  number  and  amount  than  those  present  in  the  distilled 
prinlnet,  and  of  the  fonmT,  L:I>«'«-rine  fmm  soap  l\e-  i-  much  more  impure 
than  the  product  iv-nltm...-  fr.nn  the  autoclave  proee— .  Tim-  the  mineral 
matter  remaiiiiiiL:  a- a-h  in  tin-  ttfie  of  a  distilled  uKeerine  ne\  •  r  amount.- 
to  more  than  .'_'  |»er  cent.,  \\hilr  iii  rav.  ne  fn.in  -,,ap  lye-  the  a-h 

usually  ran^e-    from    seven  to  fourteen  per  <vnt.,  and  in  that  from  the  aiito- 
clavc   | »n»n--;  considerably  le— .      The  a~h    \\ill    contain   common    siilt,  and 
\\ith    it    may  l>e  the  chlorides  and  -ulphate-  of  lead,  in.n.  /ine,  ma-jne-inm, 
and    calcium.       In    glycerine    from    snap    lye-,    -ulphate-    particnlarl 
pi-e-ent.      'I'hey  may  DC  ac-companied    hy   thio-nlphatcs,   -nlphite^,   and    -ul- 
pliitlcs    re-ultin-     lV«.m    the    -ulphnric   aci«l    >ap(.nification    «.f     Hit-. 
glyoerinefl  are  piintir<l  oidy  with  Li-i-cat  diHicnlt\. 

Precipitation  \\ith  hasic  acetate  "f  Lad  Mtt«-n  serves  to  <li-tin^uish  be- 
tu.'eii  a  distilled  and  an  nndi>tilled  glycerine.  'I'lii-  tivatni.m  pemOTei 
n.-in.  while  msin  «»il  ;m<l  free  fatty  acid-  an-  ivm..\cd  l.v  -haUin-j  up  the 
sam|)lc  with  chlorof<>i-m.  The  direct  determinati«.n  «.f  the  amount  of  true 
Lilycerine  in  commercial  samples  can  he  etl'ected  with  moderate  ioom* 
the  method  of  oxidation  \\ith  pota  —  inm  permanganate  in  alkaline  solution, 
whereby  the  glycerine  is  «>xidi/ed  to  «,\alic  acid,  \\  Inch  is  then  determined  as 
ealciiim  salt.  For  details,  the  reader  is  referred  to  Allen's  "  Cominereial 
(  )!--ani<'  Analy-is."  I'd  ed.,  ii.  j>.  289. 

More  accurate  is  said  to  be  the  "acetin"  method  of  IVnedikt  *V 
Cantoi-,  which  depends  upon  the  <piantitat i ve  formation  of  ^lyei-ryl  triace- 
tate when  ^lyeerine  is  heated  with  acetic  anhydride.  It  is  carried  out  a- 
follows:  1  to  1.5  jrrai nines  of  the  crude  glycerine  i-  heated  with  seven  or 
eijiit  gramme-,  acetic  anhydride  and  al»o«.it  three  gramme-  anhyilrmis  siNliiim 
a -elate  for  one  to  one  and  a  half  hours  with  inverted  n.ndcn-er;  it  is 
allowed  to  cool,  fifty  cubic  centimetres  of  water  are  added,  and  the  heatini: 
with  inverted  condenser  continued  until  it  lupins  to  boil.  When  the  oily 
deposit  at  the  bottom  of  the  flask  is  dissolved  the  liquid  is  filtered  from  im- 

Surities,  allowed  to  cool,  phen.-l-phthalcin  adde<l,  and  dilute  caustic  soda 
ibont  twenty  grammes  per  litre)  run  in  until  neutrality  i<  ol>taine<l.  Care 
must  be  taken  not  to  exceed  that  point,  or  glyoeryl  triacetate  i-  ea-ily 
saponified.  Twenty-five  cubic  centimetre^  of  strong  caustic  s.KJa  (about 
ten  per  cent,  strength)  arc  now  added  from  a  pipette.  The  mixture  i-  then 
heated  for  fifteen  minutes  and  the  exec—  of  alkali  titrated  back  with  normal 
or  half-normal  hydrochloric  acid.  The  strennih  ot  the  alkali  u-ed  i-  then 
determined  by  measuring  twentv-five  cubic  centimetres  with  the  >ame 
pipette  and  titrating  it  with  the  same  acid.  The  difference  in  th 
titratious  »-ives  the  amount  of  alkali  c..n-iimed  in  si)Mmityinir  the  g\\  • 
triacetate,  and  from  this  the  li'lyeeiMiie  can  be  calculated. 

Various  methods  have  been  proposed  for  the  analysis  of  nitro-!rly<vrinc, 
ba-cd  upon  its  decomposition  by  different  reagents.  (  )ne  of  the  simplest 
and  most  satisfactory  is  that  proposed  by  Lnn^e.  who  n><->  for  this  purpo-e 
his  nitrometer.  (See  p.  288.)  An  accurately- weighed  «|uantity.  varyinir  fr«»in 
A'2  to  .:5">  gramme,  according  to  the  proportion  of  nitroglycerine  and  the 
capacity  of  the  apparatus,  is  introduced  into  the  cup  of  a  nitrometer  filh-d 
with  mercury.  About  two  cubic  centimetres  of  concent  rated  sulphuric  acid 
is  then  added,  and  when  the  mtro-glycerim  i-  dissolved  the  xtlution  is 
allowed  to  enter  the  nitrometer  thitMlgD  the  tap.  The  cup  i-  rin-ed  with 
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successive  portions  of  two  cubic  centimetres  and  one  cubic  centimetre  of 
strong  sulphuric  acid,  which  are  allowed  to  enter  as  before,  and  the  contents 
of  the  nitrometer  are  then  thoroughly  agitated  in  the  usual  way,  and  the 
volume  of  nitric  oxide  evolved  read  off  after  standing  about  fifteen  minutes. 
The  volume  of  gas  in  cubic  centimetres  at  the  standard  pressure  and  tem- 
perature, multiplied  by  3.37,  gives  the  weight  of  nitro-glycerine  in  milli- 
grammes. Hempel  states  that  the  total  volume  of  five  cubic  centimetres 
of  sulphuric  acid  must  not  be  departed  from ;  with  less  than  that  volume 
the  reaction  proceeds  too  slowly,  and  with  more  the  results  are  too  low. 

In  the  analysis  of  dynamite,  the  nitro-glycerine  may  be  conveniently 
determined  by  exhausting  the  dried  sample  with  anhydrous  ether,  prefer- 
ably in  a  Soxhlet  tube  (see  p.  73),  and  weighing  the  insoluble  residue. 
The  nitro-glycerine  is  estimated  from  the  loss,  and,  in  the  absence  of  other 
substances  soluble  in  ether,  such  as  camphor,  resin,  etc.,  this  is  the  most 
satisfactory  way.  A  complete  scheme  for  the  analysis  of  all  nitro-glycerine 
preparations  will  be  found  in  Allen,  ii.  p.  310. 
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STATISTICS. 

1.  OF  OILS,  FATS,  AND  WAXES. — Of  the  production  of  the  various 
vegetable  and  animal  oils,  fats,  and  waxes,  the  figures  are  fragmentary. 
While  they  do  not  give  any  proper  view  of  these  industries,  they  will  suffice 
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to    indicate   in  ;i  -.-n.  ral  \\  ay  the  oWrei'  »t    their   de\  .  1-  >pm>  nt.      Th«--e  \\ill 
veil  \\  itli  the  anthnritie-  \\  hen    kno\\n. 

Cbc<nt-iuit  nil.  —  (Vyli.n  ex|M>rt-  annually  1  •")<  H  N  H  »  metric  itncrH 
(ojiintal-'  ;  I'.riti-h  India,  IMJMMI  (060,000  met  ri«-  •••  ntn.  -r-  ;  l»nt.-li  In.lia, 
admit  l.'lJMin  metric  eentm  -r-  ;  other  emmtrie-  -mailer  anmnnt.-.  Itt-sitlc* 
tin-  oil  it  -eh',  tin-  dried  |.ul|.  ,,t'  the  enena-nut  i-  -••nt  l->  Kurn|n-an  markets 
in  lai'Lrc  anmunt-  under  the  name  of  uCOp  The  e\p  t'nuu 

(  V\  IMII  amount^  t..  .",(  H  H  H  i  m,-tric  centner-  annually  ;  ln.ni  Tahiti. 
metric  Centners  ;  from    Sam-.a.  t«»   ;;n.nnn    metric   «-,  -ntner-.  ai: 

.  bo   I".  "«....        llcin/.-rlinjr.) 

r<tlin   nil.  —  The  exportation  "t'|>alm  nnt-  t'n.m  Snitliern  Africa,  a-  , 

•    1  >r.  van    Sohener,  reftoha     l.:;nMtnnn    m.-tric   .-ntmTS  annuall\,ot' 
\\hich    the    'jivate!  •       I  The   e\  j...rtat  imi    «•!'    nut-    Jr-.m 

Ilriti-li    India,  Siam,  <  'o<-hin-(  'liina,   (  'hina,   S.uth-.N-a    I-land-,   and    Brazil 
together  amount  to  600,OCX)  metric  OentDm, 

The  Kn^-li-h  ini|>ortati«.n-  of  c<M-..a-nut  nil  and  j»alm  nil    1'or  tic 
year-  have  IM-.-H  as  follow-  : 

1-7  1888.                 1889.                 1890. 

C(xx>a-nut  oil  (hunclretl  weight)  1  ••7,778        218,470         184,409 

\  :ilu.,l  at                                 C261.989  '78,067      £261,688 

Palm..il(hii!Mlp-.lw.-                   .     966,686  966.8H9     1.019,077         878,928 

Valued  *<   ........  £941,622  £947,889  £1,078,606  £1,000,685 

The  rnite<l  States  importelMMM  of  cocoa-nut  nil  and  palm  nil  t'nr  the  la.-t 
few  year-  have  l»een  as  folln\\-  : 


Cocoa-nut  oil  (pound 
Valued  at 

s)    .    .     14.'.M»»5,r,09 

IM, 
14,61 

M1.'-  '.•'•1 

IM 

(For  cocoa-nn 

palm  i'il«  jointly  } 

Palm  oil  (jM.unds)  . 
Valurd  at  ... 

.    .    .       7,:J:J.-..«'..V.» 
.    .    .       $207,902 

81498,490 

$107,679 

$923,228 

niirc  nil  is  jn-oduce<l   chiefly  in    Mediternim  an    land-   and    in   the   East. 
The  figure-  a-  t«>   the   production  «>f  olives  and   olive  (.il   Driven  l»y  di:' 
authorise-  are  very  ••nntlictin^.      Mnlhall,  in  hi-  "  I  )ii-tinnar\   «-f  Stati-tii--." 
1884,   o;iv«'s   fiLiures   which    are   undoubtedly   t«M»   l.,\v,  and   therefore   unn- 
lial»le.      The  folio  Wing  18  8   fairer  -tat.  'incut  :    In    1>77.   l'Yan«-e    ha.l:',! 
acr.-  nf  olives  under  cultivation,  and    produced    7..",  1  >..",-"»  '1   ImsheU  nf  fruit 
and  :>,!»L>.i;iS  hundredwei-ht  of  oil  ;   Spain  is  calculated    tn   have   2,500,000 
aciv-    planted    in    olives,  nf  which    168,336   Mf€8  WGM   in    the    l*n»vin. 
Cordoba,  and  the-e   produced  nvcr  •J.7-"><  >.i  H  n  •  -allon-  «.f  nil  :    Italv.  in  1S71. 
ha<l  2,  ^2:),  7()8  aens  covered   hv  nlive-.  and    pr-dueed    :•.:;!  i  i.:;7o  I,  u-h. 
fruit.     The  total  Italian  exports  «.f  olivr  oil  in  ls?s  were  :,1.  1  1:1.000  kilos., 
and  in  ls7  -\(M»o  Uilos.    The  total  Greek  export  in  187(5  WU  li'/J  I  1.- 

S15  okes  (of  2.83  j»nnnd-).      Tin-  Algerian  prn<lucti«»n  in   1>77 
000  kilos,  (.f  fruit,  yielding    1.  :.»:;,  H  »u   li.-etnlitiv.  (nf  tuent\  -twn  Lrall.»ns) 
of  oil.     (Spon.)     Tin-  exjmrtatinn  nf  Tnrkry  and  the  Turkish  provinces  is 
estimated  at  IMMI,  (Kill  UK  trie  centner-  annually.      (Ilein/.erling.) 

The  importations  of  olive  oil   into    France   i-  estimated  at  *jn.i  M  M  ).<  M  M  ) 
kilns,  annually,  and  the  exportation  at  (>  kih»s.      (S-hae<ller.  ) 

The  English   importations  <>f  <.live  nil   for  r<  in  have  Ut-n  as 

follows  : 

1887.  \m  Mft  1890. 

Olivo  oil  in  tuns  ......       20,756  18,580  22,954  20,187 

Vahu-d  at     ......  £757,040        £674,472        £8lX,3o2       £785,787 
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The  United  States  importations  of  olive  oil  for  recent  years  have  been 
as  follows : 

1888.  1889.  1890. 

Olive  oil  in  gallons 685,611  893,338  893,684 

Valued  at $628,666  $696,065  $819,110 

Of  the  production  of  olive  oil  in  California  no  reliable  statistics  can  be 
obtained  at  present. 

Rape  or  colza  oil  is  cultivated  in  Germany,  France,  Austria,  Hun- 
gary, Russia,  and  Roumania.  The  area  in  Germany  planted  with  the  dif- 
ferent varieties  of  brassica  amounted  in  1882  to  445,000  acres,  the  crop 
of  rape  seed  to  1,882,000  metric  centners,  valued  at  50,500,000  marks. 
The  importations  of  rape  seed  into  Germany  were  in  1882,  681,000  metric 
centners,  and  in  1883,  1,154,290  metric  centners.  After  deducting  the  seed 
for  sowing,  some  2,500,000  metric  centners  were  available  for  oil  produc- 
tion, and  from  this  900,000  to  1,000,000  metric  centners  of  oil,  valued  at 
48,000,000  to  56,000,000  marks,  and  1,300,000  metric  centners  of  oil-cake, 
valued  at  17,000,000  marks,  were  obtained. 

England  imports  some  800,000  metric  centners  of  rape  seed  annually, 
and  produces  quite  an  amount.  Austria  presses  for  oil  about  550,000 
metric  centners  of  rape  seed  annually,  obtaining  200,000  to  225,000  metric 
centners  of  oil.  The  total  consumption  of  rape  and  colza  oil  in  Europe  is 
estimated  at  2,800,000  to  3,000,000  metric  centners  per  annum,  valued  at 
170,000,000  to  175,000,000  marks.  (Heinzerling.) 

The  exportation  of  rape  seed  from  Russia  in  1879  amounted  to  1,294,728 
bushels,  and  from  Roumanian  ports,  on  the  Danube,  in  1878,  to  938,376 
bushels.  The  shipments  from  India  in  1877—78  amounted  to  3,193,488 
hundredweight.  (Spon's  "  Encyclopedia.") 

Sesame  Oil. — The  seeds  come  chiefly  from  the  East  Indies  and  the 
Levant,  and  the  oil  is  pressed  in  Marseilles  and  Trieste.  British  India 
exports  1,300,000  metric  centners;  Turkey,  120,000  metric  centners,  and 
Siam  about  30,000  metric  centners,  annually.  France  imports  somewhat 
more  than  1,000,000  metric  centners  of  the  seeds  ;  England  imports  250,000 
metric  centners;  Italy,  150,000  metric  centners,  and  Germany,  140,000 
metric  centners  of  sesame  seeds.  (Heinzerling.) 

Cotton-seed  Oil. — In  the  United  States,  it  is  reckoned  that  for  each  one 
pound  of  ginned  cotton  there  are  three  pounds  of  seed.  As  the  cotton  crop 
of  1889-90  was  7,313,726  bales  of  470  pounds,  or  3,437,451,220  pounds, 
the  production  of  seed  must  have  been  about  10,000,000,000  pounds  (or 
about  4,464,000  tons).  About  half  of  this  is  required  for  sowing. 

The  amount  of  cotton  seed  crushed  in  recent  years  is  officially  stated  to 
have  been  as  follows  : 

Tons.  Tons. 


1879-80 294,512 

1880-81 340,600 

1881-82 411,200 

1882-83 486,300 

1883-84 475,200 

1884-85 534,000 


1885-86 590,000 

1886-87 610,000 

1887-88 720,000 

1888-89 814,750 

1889-90 1,058,200 


The  amount  and  value  of  the  cotton-seed  products  for  the  last  three  years 
have  been  as  follows  : 

1887-88. 

Crude  oil  in  gallons 25.340,000  =  $11,009,700 

Cake  in  tons". 271,500=     4,92 ',750 

Lint  in  bales 

Hulls  in  tons 360,000  =         540,000 
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Cm.1.  ..il  in  gallon*  81, 775,260 -=$12,074,605 

Cake  intoi  806,466=     6,414,675 

Lint  in  l-al.- -5=      1,466,660 

llulN  in  lui                   .    .                i 


Crude  oil  in  Dillons 41,287,800      $  1 2.886,866 

Cak- in  t..i,« 888,769=     7,867,064 

Lint  in  l.al.-s .          68,619*      1,90 

BuUi  ,n  fconi 629,876=     1,687, 

(  )!'  tlii-  annual  product  inn  of  crude  .-,,itMii-^^^l  nil  about  9,000,000  gal- 
Inns  o-n  into  the  production  of  ••  ,  -.  .in  j  >«  »u  ti<  1  lanl."  and  the  iv.- 1  i-  partl\  QX- 
portcd  a>  cnttnn-.-rcil  nil,  partl\  ii--d  in  admi  \tniv  \\  ith  drying  "ik  and 
partlv  as  soap-stock . 

Tin-  exportation*  of  cotton-seed  oil  from  the  United  States  for  the  last 
live  years  have  been  as  follows  : 


1885-86.  18H8-87.  1887-88,  188A-W. 

Cottonseed  oil  in  gallons  .      6,240,189      4,067,188      4,468,597      2,690,700       18.884,886 

Valued  at,    ....    $2,116,674    $1,678,986    $1,926,789    $1,298,609      $6,291,178 

In     Knropc,   Knuland    is   tin-  diirf  <-«>untry  cxti-artin^    tli«-  nil    t'mni    thr 

rnttmi     -red,    \\llicll    cninrS    cllicflv    tVnin    Iv^A'pt.        Till1     ilUjxu:  •  d-     into 

MiiLiland  ti>r  issl  \\CIT  alxuit  '_',.'HK),000  metric  centners,  valued  at  .1  1  ,i~ 
ini  i;  in  1SS-J,  i',  100,000  metric  cent  ii.'i--.  \-aliird  at  L\.  nd  in  1- 

•_'..«  it  ),iMM  i  metrio  centners,  valn.d  at  £1,845,000;  Fnm.viinjM.rt.il  in  1C 

205,754    inrtrir   (vntiici--,  ami    in    1  ss:;.  •_'.',  J.T'.MJ    nn-trir  <vntn. 

!;     Italy    iinpnrtrd    in    1S81,    200,500    mrtrir    ri-ntin-r-.    ami    in     lv 
252,83")  nu'tric  centners  of  cotton   -...1.      (Hein/erlinj^ 

Hemp-seed   oil  is   prodncnl   diictly    in  Kn»i:i.       Tin-   «-\p«.rt-  "t"  li«-nip 
i  tVoin   Kiiia  in   1*7*  \\crc  li'JU.'jL'u  l»n-lirN,  and    in   1>7'.'.  7  .. 

(<•!'  thirtv—  i\  pounds)  of  §eed  and  573  pcKxl-  dt'  thr  (.il.    !Sp.,n'^  ••  i-;n.-\,-in- 

pcdia.")' 

A///.sr«y/  Oil.  —  The  supplies  •>!'  lins«v<l  mnit-  fn>in  all  mnntri.-.  Imt  most 
largely  from  litissia  and  India.  In  IS'.HI.  Mnn>p«-an  IJussia  had  :>,780,000 
acres  sown  in  flax,  and  the  total  of  tlaxseed  ain«.nnt.tl  t..  1><K),- 

000,000   pounds,   or  about  21,000,000   bn>h.-ls.       (  >t'   tin-,   th.-   .|iiantity 
export.'d  has   Ixvn    for   nvcnt    yem  as   follows:    1SS7,  1^,000,000  bu-hcU  ; 

1888,  14,000,000  bushels;  1889,  13,500,000  taflhebj  and  IS'.HI  (,-timat. 

12,()(  )(),()()()   hnshels.      T\I(>   t<.tal    Indian    expm-ts   of   tla\^v<l    for    the    \,;ir 
endin-  March  31,  1890,  were  7.1  16^896  bundredweight,  of  which  -»i.::iL\962 

hundredweiffhl  went  to(ireat  Britain.  ("  U.  S.  (  'mi-nlar  llcpnrt-."  March, 
1S!)1.)  In  (icnnanv  al>ont  L)(.IL'.  •")•'"  aer«-s  arc  umlcr  cultivation  tor  the  pn- 
•dnetionof  linseed  and  al»oiit  :>.:'.L),  ")<><>  acres  for  lil.iv  pnKlnction  ;  the  yidd 
in  linseed  iM-in^  alxnit  .")()(),()()(  I  metric  <-einner<  (.")(>,(  MK)  tons),  Tlieiinp 
tat  ions  of  linseed  oil  into  the  (  Jen  nan  empire  for  the  last  several  years  have 
been  as  follo\\-  : 

1885.  1887.  1-v.  1889. 

383,130  m.c.        897,430  m.c.        414,930  m.c.        440,702  m.c.        489,780  m.c. 

The  importations  of  linseed  into  the  United  States  for  the  last  few  years 
have 


1,461,418  bushels.        8,259,460  bushela.        2.891,176  bushel*. 
Valued  at     .    .    .$1,605,499  $$,861,6*6  $1^19,067 
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At  the  same  time  the  American  production  of  flaxseed  is  considerable, 
the  crop  for  1889-90  having  been  9,000,000  bushels  and  that  for  1890-91 
is  estimated  as  likely  to  amount  to  12,000,000  bushels. 

Oil-cake  and  Oil-cake  Meal. — The  exportations  of  vegetable  oil-cake 
from  the  United  States,  three-fourths  of  which  went  to  Great  Britain, 
have  been  during  recent  years  as  follows  : 

1886.  1887.  1888.  1889.  1890. 

Pounds.  Pounds.  Pounds.  Pounds.  Pounds. 

585,947,181        622,295,233        562,744,209        588,317,880        711,704,373 
Valued  at    .    .    $7,053,714          $7,309,691          $6,423,930          $6,927,912          $7,999,9^6 

Fish  Oils. — The  amounts  of  sperm,  whale,  and  fish  oils  of  all  kinds  ob- 
tained annually,  according  to  Mulhall,*  are :  Sperm  and  whale  oil,  1,485,- 
000  hectolitres  (32,670,000  gallons);  fish  oils  of  other  kinds,  1,170,000 
hectolitres  (25,740,000  gallons),  and  oil  from  sea  birds,  58,500  hectolitres 
(1,287,000  gallons). 

The  English  importations  of  train  and  other  fish  oils  during  the  last  few 
years  were : 

1888.  1889.  1890. 

Amount  in  tuns 16,861  21,051  20,302 

Valued  at  .    .        £323,579       £442,699         £419,296 

The  exportations  from  the  United  States  of  whale  and  fish  oils  for  the 
last  two  years  have  been  : 

1889.  1890. 

483,208  gallons.         1,844,041  gallons. 
Valued  at $127,412  $440,773 

Cod-liver  Oil. — The  annual  production  of  Newfoundland  is  said  to 
amount  to  1,250,000  gallons,  valued  at  £200,000.  The  Norwegian  fisher- 
ies exported  in  1877, 130,600  barrels,  valued  at  £386,600.  The  total  exports 
of  cod-liver  oil  from  Sweden  and  Norway  in  1879  were  143,165  hectolitres 
(3,149,630  gallons).  (Spon's  "  Encyclopedia.") 

Spermaceti  and  Sperm  Oil. — The  production  of  spermaceti  in  the  Ameri- 
can whale-fisheries  was  1,300,959  gallons  in  1878,  and  1,285,454  gallons  in 
1879.  The  exports  of  sperm  oil  from  New  York  in  1878  were  912,603  gallons, 
and  in  1879,  1,089,137  gallons.  (Spon's  "  Encyclopedia.")  The  exportations 
of  sperm  oil  have  much  diminished  in  more  recent  years.  Thus  the  exports 
for  1889  and  1890  are  given  as  98,823  gallons  and  162,565  gallons  respec- 
tively, valued  at  $69,628  and  $124,601. 

The  exportations  of  spermaceti  from  the  United  States  in  recent  years 
have  been  as  follows : 

1889.  1890. 

425,479  pounds.  447,384  pounds. 

Valued  at $111,386  $116,757 

Lard  and  Lard  Oil. — The  production  of  lard  in  the  United  States 
during  recent  years  is  thus  given  by  the  Cincinnati  Price  Current : 

1884-85.     •  1885-86.  1886-87.  1887-88.  1888-89.  1889-90. 

Pounds.  Pounds.  Pounds.  Pounds.  Pounds.  Pounds. 

480,405,000      514,230,000      527,032,000      487,179,000      483,902,000      624,227,000 


*  Mulhall,  Production  and  Consumption,  p.  142. 
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<)f  thi-    production  IV.  .in  ..n,  -third  to  om-hal:  <ip..imd    lard, 

lard  •dmizBQ  with  eotton->ecd  oil  and  U-ef -tearine.  Tin-  production  ..f  com- 
pound lard  has  reached  a>  much  as  ;;•  i  KJ  p..und-  JMT  aiiiiiiin,  hut 
dimini-hed  la-t  year  to  ahout  _'_'», 000,000  pounds. 

The  eXpOltB  Of   lard    from    tin-  I'nit.-d    Sial.-   during  recent 
as  follou-  : 

MM  1887.  MM 

Poandt.  I'i.umb. 


381,609,570  I  70,245,146        818,242,990        471,083,508 

Valued  at    .    .$22,528,197        |22,  708,921        ?•  7        |27,829,178        $88  l 

Of  this    amount    approximately    ..n.  -third    gin-  Britain   and 

Ireland. 

Of  tin-  e\|M>rts  of  lard,  about    forty   p«  -r  ••••nt.  are  stated  to  I 
pound    lard"  and   ahout    -i\ty   per  cent.  pmv    lard.      (Testimony  ln-|i.: 
I  Ion-.-  (  'ommitte,.  on  .\'ji-i<-iiitiir.-.) 

Tnllnir.  —  Tin-   production  of  tallow  for  all    Kuro|M-an   coimtri.  -    f.-r   th.- 
year  ISS'J,  accordinir  t<»  Mulhall,'  ainmintrd  rOOtOQfl,  for  lip-  ("niti-d 

States  to  330,000  tmis  and  all  othn-  OOOHtrie0,  iln.nnn  toQS,  making  a  t.-ial 
of  7  l"»,7n(i  ton-.  The  exportation-  of  K'n-ian  tallow  ha\.-  -n-atlv  diiuin- 
ishnl  in  r.-ccnt  \var-  ;  th.-v  \\.-ro  40,300  t"ii-  in  1800,  21,100  t.-n-'in  1870, 
and  10,400  tons  in  1880.  Tin-  r\p,,rtati..n-  fr-iu  th.-  1'nit.il  Stat.-.  Uiv.-r 
IMatr  in  South  A  nirri.-a,  and  Australia,  on  tin-  ntlirr  hand,  ha\v  in«TCMed, 
c-p<-ciallv  the  lir-t  and  tin-  la>t  «»f  th'—.  In  tin-  ymr  l>^.',  th«-  <-\poita- 
tlOOSOf  t.illow  \\rn-  as  follow-  :  Fnun  tin-  1'nitMl  Staf.-,  !•"•.<  ><  K  »  t.  .11-  ;  tn.ni 
Aii-ti-alia.  L'S.IMKI  ton-;  from  Arpntinc  llrpuhlir,  In.  :»(M)  ton-,  and  tn-iu 
rrn-uay,  IL'.OIHI  tons.  (  I  h-in/.-rlii 

Tin-  exportation^  t'rnin  the  United  States  in  recent  years  have  Ixvn  : 

MM  lOff,                      1888.  IMI  1890. 

Pound!!.  POOnda                 r<>unda.  r«und>.  Pound*. 

62,»;'.''.U1.-,  84,099,951  75,470,820  77.H44.r,;V,  112,745,370 

Valued  at.  $2,435,:{4'J  $3,772,837  $8,736,488  |8,943,OM  >  ..-.'12,168 


or  I,,s<rt    ll'ti.i-.  —  Tin    amount   annuallv  priMliirMl    i-  valiml  by 
Professor  Thi>tleton   Dy.-r.  ..f  K<-w  (  iarden-,  Kn-land,  at    HlOO,000. 

Oannni/m  U'f/r.  —  Tin-  expoi'tation  of  thi-  \\a\  from  IJnixil  was  oti- 
mated  in  1S7«>  at  s71,H>n  kil,,-..  valne<l  at  £162,500. 

Jtijtiin    Il'f/.r.  —  The  cxportations   from   .lapan  wei'e   in    IsT'J,   1,230,588 
kilos.;    in    1878,    1  ,-'>-<  ),7-")l    Uilos.,   and    in    IMI,    1  ,302,  -4  (Jo    kil.-.      Th.- 
London   importation-   in    L  880  were   •".•Jl.noo   kilo>.,  and   in    I 
kilos. 

Soaps.  —  Sir  Henry  Roscoe  stated,  in  1881,  in  his  inaugural  address 
before  the  Society  of('heinieal  Indn-try,  that  the  annual  production  of  soap 
in  (Ircat  Uritain  and  Ireland  wa-  ahoiit  %J.">O,(MM)  tons.  In  a  n-jnirt  on  the 
exhibits  at  the  1'ai-i-  l\\|...-ition  of  l>-7*.  it  svas  stat«tl  that  the  l-'rciu-h  >oap- 
trade  had  been  for  some  time  -tationary  at  ahout  ^-JM.JMMI  tons  per  annum, 
hut  was  then  declining. 

In  the  United  State-,  the  oensilfl  report  for  1880  gi\'(k<  th«-  pnKlnction 
for  that  year  a-  146,296.138  pound-,  o,-  1  !•!•.  •_•:;:•  toDA.  It  ha-  undouhtedlv 
increased  jrreatly  since  that  time,  hut  the  li^im-  t'..r  the  (vnsus  year  1890 
are  not,  as  yet.  available. 

*  Mulhall,  Dictionary  of  Statistics,  p.  -1 
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Candles. — The  exports  of  candles  of  all  kinds  from  England,  in  1883, 
are  given  as  5,285,600  pounds,  valued  at  £147,961.  (Carpenter.)  The  con- 
sumption of  wax  and  spermaceti  candles  in  England  and  Ireland  alone,  at 
present,  is  given  as  400  tons. 

The  manufacture  of  stearic  acid  candles  for  the  census  year  1880,  in  the 
United  States,  was  18,363,066  pounds,  valued  at  $2,281,600. 

Glycerine. — The  total  European  production  of  glycerine  in  1878  was 
estimated,  by  Riche,  in  a  report  on  the  Paris  Exposition  of  that  year,  to  be 
10,000,000  kilos.  According  to  another  authority,  quoted  by  Heinzerling,* 
the  European  production  was  only  9000  tons  instead  of  10,000,  distributed 
as  follows :  England,  300  tons ;  France,  4000 ;  Germany  and  Austria, 
1500;  Holland,  900;  Russia,  900;  Belgium,  800;  Italy,  400 ;  and  Spain, 
200  tons. 

That  these  figures  are  in  some  cases  much  too  low  is  seen  from  the  fact 
that  the  exports  of  raw  and  refined  glycerine  from  Germany  alone  for  the 
last  few  years  have  been  : 

1887.  1888.  1889. 

2040  tons.  2109  tons.  2200  tons. 

Valued  at.    .    .    .  2,327,000  marks.        2,032,000  marks.        2,01 8,000  marks. 

In  the  United  States,  there  was  produced  in  1880,  7,117,825  pounds, 
or  3178  tons,  of  which  almost  one-half  was  made  into  nitro-glycerine.  The 
importations  of  glycerine  into  the  United  States  during  recent  years  have 
been  as  follows : 

1888.  1889.  1890. 

10,695,742  pounds.      10,563,240  pounds.      11,147,684  pounds. 
Valued  at   .    .  $1, 107,692  $910,925  $928,935 

*  Heinzerling,  Abriss.  der  Chemischen,  Technologic,  p.  179. 
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<  II  \ITI.I;    in. 

INDUSTRY  OF  Til  I     I—  i:\ll\l.    <>IU     \M>    Ui 

I.  Raw  Materials. 


1.  KSSKN  I  !  \i.  (  )n.s._Tlir  c-cntial  or  volatile  oiU,  a*  they  aiv  t.  Tilled, 
aiv  t'niiiMl  extensively  (  1  i-t  H  I  mtc<  1  throughout  tl».  ih'li-  kill. 

They  occur  in  aluio-t    all    parts  of  the   plain  ,f  the 

seeds,  in  which,   in  <reneral,  tin-  fixed   or  fatty   oil-  DfaUMdi     Tin- 

essential  oils  impart  the  peculiar  ami  characteristic  odors  to  tlie  plant*;  tln»v 
furnish  us  mil-  perfumes,  spice-,  and  aromatic-..  ami  many  of  them  poOSOSl 
valuable  medicinal  properties. 

The  essential  or  volatile  vegetable  oil-  aiv    procured   in  M-v«-ral  \\ays: 
(1)   by  distillation  ;   ('2)  by  absorption   or  "  enMeiinr 
solvent-  ;   (4)  by  cxpre—  ion  ;  ami  (/>)  l»y  ma<vration. 

In  the  distillation  method  the  plant-  are  put  into  the  >till  al"iiLr  with 
alioiit  an  c<jnal  \\ciiiht  of  water,  either  \\ith  or  without  pn-vions  x»akini:, 
and  the  distillation  eai-ried  on  rapidly.  If  mvessjiry,  the  \\ater  that  sepa- 
rates from  the  oil  in  the  receiver  is  returned  to  the  -till  ami  dri\. 
second  or  third  time.  The  separation  of  the  oil  and  \\atcr  i-  ctl'ectMl  in 
what  is  termed  a  "  Florentine  receiver,"  from  the  l»ottoin  ..t'  \\hich  tin- 
water  can  be  siphoned  off  without  distnrlmiir  the  oily  layer.  The  odors  of 
some  flowers,  such  a-  j<  —  amine  and  mignonette,  are  t<><.  deli«-ate  to  bear 
heat,  and  for  these  the  procc—  of  al>-.rpti..n,  ..r  "  entleiira^e,"  a-  it  i-  «-alhil 
in  the  south  of  France,  is  employed.  Sheet-  ..t'  ^la—  in  \\.MM|CH  t'rames, 
called  chassis,  are  coated  on  their  upper  and  lo\\cr  -nrfac.--  \\ith  grease 
about  a  tenth  of  an  inch  in  thick  i  M-.  The  tlo\\.i--  an-  -pnad  upon  this 
grease,  and  a  number  of  frames  are  superimp.^,  d  ..n  •  a.-h  other. 
day  or  two  the  flowers  are  carefully  remove*  I  and  replaced  l»y  fresh  ones 
and  this  is  continued  for  two  or  three  months,  till  the  fat  is  im: 
with  the  odors.  It  is  then  removed  and  extracted  \\ith  alcohol.  K««vntly 
the  grease  has  been  replaced  in  some  cas-s  l>\  soft  jKiratline,  Lrly«t-rine,  or 
vaseline. 

For  the  extraction  l>v  solvent-,  alcohol,  ether,  |>etroleum-naphtha,  and 
notably  carbon  disulphide  arc  employed,  and  the  -..Iv.nt  i.,,,\,!-,il  by 
distillation.  The  essential  oils  of  lemon.-  and  oranire*  of'  c.immercc.  and  ..t' 

some  other.  fruits,  are  chiefly  obtained  by  submitting  the  rind  to  JM.\V 

pressure.  The  oils  are  more  fra-jrant  but  not  -o  \\hite  as  wln-n  distilled, 
and  the  process  is  only  adapted  for  BObstaooei  \\hich  an-  very  rich  in  essen- 
tial oils.  Flowers  with  very  delicate  perfume,  -iieh  the  bitter 

o  ran  ire,  violet-,  etc.,  which  woiiM  be   -poil^l   by  di-tillation.  |  d    by 

this  methcKl.  The  medium  u-.-d  li.r  infusion  i-  darifi.il  Uvf  or  mutt..n 
suet  or  lard.  The  tin  is  melted,  the  Mowers  immersed,  and  the  mixture 
stirred  occasionally  for  a  day  or  -o.  The  exhau-t.  d  M.--  remoVMl 

and  fresh  one-  introduced,  and  -uch  rcm-ual-  are  continual  till  it  is  judged 
that  the  fat  is  suMiciently  char^-d  with  the  oil. 
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The  essential  oils  are  usually  more  limpid  and  less  unctuous  than  the 
fixed  oils,  but  some  of  them,  when  in  the  crude  state,  may  be  quite  thick  or 
even  semi-solid  from  admixtures  of  solid  and  crystalline  ingredients  with 
the  more  liquid  portion.  Their  odor  is  that  of  the  plants  which  yield  them, 
and  is  usually  powerful ;  their  taste  is  pungent  and  burning.  They 
mix  in  all  proportions  with  the  fixed  oils,  dissolve  in  both  alcohol  and  ether, 
and  are  sparingly  soluble  in  water,  forming  "perfumed"  or  "medicated 
water."  They  are  not  saponifiable.  Their  boiling-points  usually  range 
from  310°  to  325°  F.  (154.5°  to  162.7°  C.),  although  in  some  oils  the 
hydrocarbons  boil  ^at  356°  F.  (180°  C.)  or  even  higher.  They  are,  how- 
ever, capable  in  most  cases  of  being  distilled  in  a  current  of  steam.  In 
specific  gravity  they  vary  from  oil  of  citron  .850  to  oil  of  wTinter-green  1.185 
at  15°  C. 

Chemically,  essential  oils  are  often  divided  roughly  into  three  classes, — 
oils  composed  of  hydrocarbons  only ;  oils  containing  hydrocarbons  mixed 
with  oxygenated  products,  and  oils  containing  sulphur  compounds.  A  more 
exact,  but  still  quite  general,  chemical  division  is  given  below  : 

1.  Oils  consisting  chiefly  of   terpenes  (C10H16)  and  oxidized  products 
allied  thereto :   examples,  oil  of  turpentine,  oil  of  lemon,  oil  of  camphor. 

2.  Oils  consisting  chiefly  of   cedrenes  (C^H^)  and  oxidized  products 
allied  thereto :  examples,  oil  of  cedar,  oil  of  cubebs,  oil  of  cloves. 

3.  Oils  consisting  chiefly  of  aromatic  aldehydes  and  allied  bodies  :  exam- 
ples, oil  of  bitter  almonds,  oil  of  cinnamon. 

4.  Oils  consisting  chiefly  of  ethereal  salts.     These  may  be  either  (a) 
oxygen  salts,  as  in  oil  of  winter-green,  and  (b)  sulphur  salts,  as  in  oil  of 
mustard,  oil  of  garlic.     Special  mention  of  but  two  substances  from  the 
essential-oil  class  need  be  made,  as  the  bulk  of  them  are  raw  materials  only 
to  the  special  industries  of  the  pharmacist  and  the  manufacturer  of  perfumes. 

Oil  of  Turpentine. — This  oil  is  produced  by  all  the  Com/era  in  greater  or 
less  amount.  It  flows  from  cuts  in  the  tree  as  a  balsam  (see  p.  91),  known 
as  turpentine.  This,  on  distillation  with  steam,  yields  the  volatile  oil  of 
turpentine,  and  there  remains  behind  the  resin  (colophony  resin)  commonly 
known  as  "  rosin."  While  a  number  of  minor  varieties  of  turpentine  are 
known,  such  as  Venetian,  Hungarian,  Strasburg,  Chios  turpentines,  and 
Canada  balsam,  which  are  of  pharmaceutical  value,  but  three  commercially 
important  varieties  of  oil  of  turpentine  need  be  noted.  They  are  English 
or  American  oil  of  turpentine,  from  Pinus  australis  and  Pinus  tceda,  col- 
lected in  North  and  South  Carolina  and  Georgia  ;  the  French  oil  of  tur- 
pentine from  Pinus  maritima,  collected  in  the  neighborhood  of  Bordeaux  ; 
and  the  Russian  or  German  oil  of  turpentine,  from  Pinus  sylvestris.  Of 
the  American  oil,  only  seventeen  per  cent,  is  obtained  on  distillation  of  the 
crude  turpentine  balsam  ;  of  the  French,  as  much  as  twenty-five  per  cent, 
of  oil  may  be  obtained  ;  and  of  the  Russian,  thirty-two  per  cent.  The 
essential  composition  of  all  three  of  these  oils,  when  rectified,  is  C10H16,  but 
distinct  hydrocarbons,  differing  in  physical  if  not  in  chemical  characters, 
are  considered  to  be  present  in  each  of  the  three  oils.  Thus  the  terpene 
C10H16  of  French  oil  of  turpentine  is  Isevo-rotatory,  and  is  known  as  tere- 
benthene,  while  that  of  the  American  oil  is  dextro-rotatory,  and  is  known  as 
australene.  Otherwise  they  are  practically  identical  in  properties.  Russian 
oil  of  turpentine  consists  mainly  of  a  hydrocarbon,  sylvestrene,  which  boils 
some  sixteen  to  twenty  degrees  Centigrade  higher  than  the  others,  and  shows 
some  other  minor  differences.  The  commercial  oil  of  turpentine  is  a  color- 
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Lew,  Very    mohilc,  highly    refracting    liquid,    of  pl.-asint    odor    \\ln-n    fn -lily 
rectified,  hut    hreMmiiiM •  ,|j  ,;,.    |,N    ,.\p«i-inv   !..    tin-   air,  as    it   ah-nrbs 

OXygen    and    IM-C..IMC-    re-iin  ,11-.       ii     i-    alm«i-t     wholly    in-oluhle    in    \\;r 
glycerine,  and  dilute  alkaline  and  acid  >olut  ion-.      It    i-   -i.liihh-  in   : 
alcohol,  ether,  carhon  di-ulpliide,  IM-H/I-N.-.  petroleum  -pirit.  li\.-d  and  e-x-n- 
tial  oils.      It  is  itself  a  solvent    !i>r   -nlphiir,  pho-phoni-,  iv-in-,  fat-.  \\axes, 
caoutchouc,  etc. 

( '<tiiijili<>r. — Tin.-  b  (me  of  the  mo-t  important  of  tin-  o\idi/<  d  principle 
which  were  referred  to  a>  accompanying  tin-  hvdn>carh<iii-  in  tin-  •  Tiid-  •  •  n 
tial  oils.       While  the  name  i-  frequently  u-rd  t«.  d.-i-nat.    a  rla—  «-t'  e,,in- 
puimds,  it  is  coniiiiei'ciallv  n-.trict«-d  t<»  the  laurel  raiiiph<>!  .  (      !  I  .<  >,  \\  hi«-h  i^ 
nl.tainrd  tn»ni  the  \\ .  »<  >d  <»t'  the  .la|>an  eamphor-tive  (  (  '<i,,,j,l,<,r<i  i,m>'imirmn)  l»y 
di-tillation  with   water  and   altei-    pnriticatiuii    with    >iil)liiiia(i»n.       1 
a  colorless,  transhuvnt,  IMIIM|U    |il,n»n<   mass,  hut    ma\     !»«•   ohtaiiiMl   «T\-tal- 
li/ed  in  |)risms.      It   has  a    peculiar,    fragrant   «Mlnr   and    hiiriiing  taste.      It 

melts  at  347°  F.  (175°  ('.),  and  boite at  399.2    P^(204°C.>     It  i- m-aHy 

insnluhle    in    \\ater,  but    readily    solnhle    in    alcohol,  ethei-,  act  t..n.  ,   car  I  ion 
disulphkle,  ehlorot'onn,  and  oils. 

*J.    KKSINS. — The  resins  arc  products  of  tin-  oxidation  of  the  tarpeOBfyand 
either  acconi|)any  them  in  the  crude  essential  oil-  «»r   oceur   as   c\iidati«-n- 
from  trees  hardening  on  exposure  to  the  air.      The  da— itication   .. 
usually  adopted  at  present   is  into  (1)  true   n-in-,  (_)    Lrum    n>in-,  and 
nlm-n-.-ins  or    halsain<.       The    true    rr-in-  arc    hard,  miupart    pnHlm-t-   ..f 
oxidation,  made  up  chiefly  of  what  are  termed  u  iv-in  acj.U,"  wliich,  admixed 
with  fatty  acids,  are  capahle  of  saponifying   with  alkalies  and  yield  u  \-> 
soaps"  (see  p.  61);  the  .u'lim   resins  differ  from   the  true  n-in-  only  in  «-..n- 
tainin^  some  gum  capable  of  softeuin«;-  in  water  ;  and  the  Mlen-n-in-  in- •'. 
the  mixtures  of  essential  oil  and  resin  of  whatever  mn-i-tencv  and  the  mix- 
tures of  hen/oic  and  cinnamic  acid  and  >alt-  <.f  the-.-  a«-id-.    Thi-  la-t  class  18 
obviously  much  the  largest  of  the  three.      To  the  tir-t  cla--  l><'l«'n-  the  hard 
re-ins,  which  serve  for  the  manufacture  <.f  varni-h<'-,  surh  a-  c»pal.  dammar, 
mastie,  sandaraeh,  dragon's  hlood/giim  lac,  and  amU-r;  to  the  xi-ond  class, 
olibamini  or  frankincense,  myrrh,  ammoniacum,  a-afo-tida.  galhaiiuin.  and 
traLiacanth  ;    and    to    the    third    ela>s    crude    turpentine,    hen/<>in,    -torax^ 
ct.paiha,  Peru  and  Tolu  halsams.      Uriel' mention  will  U-  made  «.t'  a  tl-w   «-t' 
the  commercially  more  important. 

Aniln •/•  is  a  to— il    ivsin    found    in    detached    piece-   .m    the   -,'a--i.a-t.  and 
partieularly  in   the  blue  earth   along  the   Ualtic  coa-t   of  I'ru--ia,  ln-t\v 
Konigsherg  and   Memel.      Its  application-  are  ehietly  a-  an   article   for  the 
manufacture  of  mouth-pieces  nf  pipe-  and  cigar-holders  and    for  1- 
the  preparation  of  a  superior  varni-h.  and    for  the   production  of  ami*  r  ..il 
and  snecinie  acid. 

Gum  Ariifiir. — This  is  in<-lu<led  among  gum  resins  Ix-cau-c  an  exuda- 
tion analogous  to  other  re-ins,  but  is  almost  wholly  a  gum,-olul>lc  in  \\atcr, 
and  closely  related  chemically  to  the  starch  group.  (S>c  p.  l»il.  I 
yielded  hy  the  different  spe<'ics  of  A<-<n-'m,  and,  at  pn-eiit.  .-onies  chiefly  from 
Central  and  North  Africa,  hy  way  of  K-ypt,  S-negal,  and  the  KM!  Sea.  It 
varies  greatly  in  purity  and  color,  and  is  used,  he  its  mucilaginous 

character,  for  a   multitude  of  applications,   as   in    medicine,  confectionery, 
preparation  of  textile  fabrics,  manufacture  of  inks,  etc. 

Coped  and  Anting — These  terms  include  a  number  of  related  n>ins,  which 
are  of  both  fossil  and  recent  origin.    The  Zanzibar  copal  or  anime  is  chiefly 
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fossil,  and  is  dug  out  of  the  soil  by  the  natives  for  some  distance  along  the 
southeastern  coast  of  Africa.  Some  freshly-exuded  copal  resin  is  also  gathered 
here.  On  the  west  coast  of  Africa,  for  a  distance  of  seven  hundred  miles, 
copal  resin  is  also  dug  as  a  fossil.  When  of  good  quality  it  is  too  hard  to 
be  scratched  by  the  nail,  has  a  conchoidal  fracture,  and  a  specific  gravity 
ranging  from  1.059  to  1.080.  Unlike  others,  the  copal  resins  are  soluble 
with  difficulty  in  alcohol  and  essential  oils,  and  this  property,  combined 
with  their  extreme  hardness,  renders  them  very  valuable  for  making 
varnishes. 

Dammar  is  obtained  from  the  Dammara  orientalis,  a  coniferous  tree, 
indigenous  in  the  East  Indies  and  Moluccas,  and  also  from  Dammara 
australis,  in  New  Zealand.  The  two  varieties  are  known  as  East  Indian 
and  Australian  dammar,  the  latter  being  also  known  as  Kauri  resin.  The 
former  is  that  commonly  met  with  in  commerce  under  the  simple  name  of 
dammar.  The  resin  occurs  in  masses,  coated  on  the  exterior  with  white 
powder  from  mutual  attrition,  while  the  interior  is  pale  amber-colored  and 
transparent.  It  is  scratched  by  copal,  but  is  harder  than  rosin.  The  resin 
splits  and  cracks  at  the  temperature  of  the  hand.  The  Kauri  variety  is  chiefly 
fossil  in  its  origin.  The  dammar  is  extensively  used  in  the  manufacture  of 
varnishes. 

Lac  is  a  resinous  incrustation  produced  on  the  bark  of  the  twigs  and 
branches  of  various  tropical  trees,  by  the  puncture  of  the  female  "  lac  in- 
sect" ( Coccus  laced).  This  crude  exudation  constitutes  the  stick-lac  of  com- 
merce. Shell-lac  or  shellac  is  prepared  by  spreading  the  resin  into  thin 
plates  after  being  melted  and  strained.  In  the  preparation  of  the  shellac, 
the  resin  is  freed  from  the  coloring  matter,  which  is  formed  into  cakes,  and 
is  known  as  "  lac-dye."  "  Button-lac"  diifers  from  shellac  only  in  form. 
Instead  of  being  drawn  over  a  cylinder,  the  melted  lac  is  allowed  to  fall 
upon  a  flat  surface,  and  assumes  the  shape  of  large  cakes  about  three  inches 
in  diameter  and  one-sixth  inch  thick.  Bleached  lac  is  prepared  by  dis- 
solving lac  in  a  boiling  lye  of  pearl-ash  or  caustic  potash,  filtering  and  pass- 
ing chlorine  through  the  solution  until  all  the  lac  is  precipitated.  This  is  then 
collected,  well  washed,  and  pulled  in  hot  water,  and  finally  twisted  into 
sticks  and  thrown  into  cold  water  to  harden. 

Seed-lac  is  the  residue  obtained  after  dissolving  out  most  of  the  coloring 
matter  contained  in  the  resin.  The  common  shellac  is  used  in  varnishes, 
lacquers,  and  sealing-wax  ;  the  bleached  lac  in  pale  varnishes  and  light- 
colored  sealing-wax. 

Mastic  is  the  resin  flowing  from  the  incised  bark  of  the  Pistacia 
lentiscuSj  and  comes  exclusively  from  the  Island  of  Chios,  in  the  Mediter- 
ranean. It  comes  into  commerce  in  pale,  yellowish,  transparent  tears, 
which  are  brittle,  with  conchoidal  fracture,  balsamic  odor,  and  softens  be- 
tween the  teeth.  It  is  soluble  in  alcohol,  oil  of  turpentine,  and  acetone. 
It  is  used  in  varnish-making. 

Colophony  Resin  (rosin)  is  the  solid  residue  left  on  distilling  off  the 
volatile  oil  from  the  crude  turpentine.  The  resins  from  the  Bordeaux  tur- 
pentine and  that  from  the  American  turpentine  are  substantially  identical. 
Rosin  is  a  brittle,  tasteless,  very  friable  solid,  of  smooth,  shining  fracture, 
specific  gravity  about  1.08.  It  softens  at  80°  C.  (176°  F.),  and  fuses  com- 
pletely to  a  limpid  yellow  liquid  at  135°  C.  (275°  F.). 

It  is  insoluble  in  water,  difficultly  soluble  in  alcohol,'  but  freely  soluble 
in  ether,  acetone,  benzene,  and  fatty  oils.  With  boiling  alkalies  it  takes  up 
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water  to  form  abiotic  add,  and  then  unites  with  the  alkali  to  form  a  rosin 
soap.     (Sec  p.  <;i.) 

;*.  CAOI-IVIKH •<•  ( India-rubber). — This  is  the  ehief  substance  contained 
in  the  milky  juice  which  exudes  when  a  number  of  tropical  trees  belonging 
to  the  natural  orders  titijtlutr/tidcni ,  .  \rt<>r<i,-j><i<-«t ,  and  Ajuiri/nacece  are  cut. 
This  juice  is  a  vegetable  emulsion,  the  caoutchouc  being  suspended  in  it  in 
the  form  of  minute  transparent  globules.  The  emulsion  is  easily  coagulated. 
and  the  caoutchouc  caused  to  separate  by  the  addition  of  alum,  stlt  solution-, 
and  other  means 

Caoutchouc  belongs  in  the  same  general  category  as  the  essential  oils,  as 
it  possesses  the  general  formula  ((  VjH,,.,),,,  and  is,  hence,  a  polymer  nf  the 
ter|)ciie  formula  CloHi6.  On  submitting  it  to  dcMrueti\  <•  distillation  it 
yields  caoutchin,  C10H16,  boiling  at  171°  C.,  and  /.so/,,,,,,,  C5H8,  boiling  at 
38°  C. 

The  different  species  of  rubber-trees  are  cultivated  in  Mexico,  South 
America,  and  the  West  Indies,  in  the  East  Indies,  Borneo,  Sumatra,  and 
the  African  coast. 

The  commercial  varieties  of  caoutchouc  may  be  grouped  under  four 
heads,  the  relative  value  of  which  accords  with  the  order  in  which  they  are 
plaeed:  South  American:  Para,  Ceard,  Carthagena,  Qoayaqoil;  Central 
AiiH'rican:  West  Indian,  Guatemala  ;  African:  Madagascar,  Mozambique, 
\\CstAfrican;  Axi'dtlc:  Assam,  Borneo,  Rangoon,  Si ngapore,  Penang,  and 
Java.  The  Para  rubber  (from  the  Hevea  7>/vw'//Y/j.v/x or  si^hnn'm  dad'u-a)  is 
the  best  of  the  many  varieties,  and  commands  the  highest  price. 

Caoutchouc,  when  pure,  is  nearly  white,  but  the  commercial  varieties 
are  discolored  by  smoke  in  the  drying  of  the  freshly-exuded  juice  in  the 
methods  usually  followed.  At  ordinary  temperatures  caoutchouc  is  soft, 
elastic,  and  so  glutinous  that  two  freshly-cut  surfaces  pressed  strongly 
together  will  permanently  adhere.  At  low  temperatures  it  is  harder,  is 
less  elastic  and  adhesive,  while,  on  heating  it,  the  elastic  property  disap- 
pears also,  and  it  becomes  perfectly  soft  and  can  be  kneaded.  In  water 
caoutchouc  swells  up  without  dissolving;  in  ether,  petroleum-naphtha, 
benzene,  carbon  disulphide,  oil  of  turpentine,  rosin  oil,  and  oils  gotten  by  the 
dry  distillation  of  the  rubber  itself,  the  caoutchouc  swells  up  rapidly,  and 
after  a  time  dissolves  to  a  greater  or  less  degree.  The  best  solvents  are 
carbon  disulphide  and  chloroform,  and  Payen  recommends  carbon  disul- 
phide,  to  which  five  per  cent,  of  absolute  alcohol  has  been  added,  as  excel- 
lent. Caoutchouc  is  quite  indifferent  to  most  chemical  reagents,  but  is 
attacked  by  strong  nitric  and  sulphuric  acids.  Fatty  matters  present  in  the 
solvents  used  seem  to  have  a  deleterious  action  upon  the  caoutchouc,  causing 
it  to  become  first  soft  and  afterwards  hard  and  brittle.  Caoutchouc  soften- 
at  120°  C.,  melts  at  about  150°  C.,  and  decomposes  at  200°  C. 

4.  GUTTA-PERCHA  AND  Si  MI  LAI:  PRODUCTS. — Gutta-percha  is  ob- 
tained from  the  milky  juice  of  different  trees  of  the  genus  Ittnimmfnt. 
belonging  to  the  natural  order  ^njinfun-ir.  By  the  coagulation  of  the  col- 
lected juice  the  gutta-percha  globules  mass  together  and  can  be  kneaded 
into  lumps.  The  localities  in  which  the  gutta-percha  is  cultivated  are 
Borneo,  Sumatra,  and  the  Malayan  Archipelago.  It  comes  into  commerce 
in  irregularly-  and  fancifully-formed  blocks.  It  forms  a  fibrous  mas-,  vary- 
ing in  color  from  nearly  white  to  reddish  or  brownish,  looking  something 
like  leather  clippings  cemented  together,  and  has  a  specific  gravity  of  .979. 
At  ordinary  temperatures  it  is  hard  and  somewhat  elastic,  at  25°  C.  (77°  F.) 
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it  becomes  soft,  and  at  50°  C.  (122°  F.)  it  can  be  kneaded  or  rolled  out 
into  plates.  Between  55°  C.  and  60°  C.  it  is  so  thoroughly  plastic  as  to  be 
drawn  into  tubes,  thread,  plates,  and  at  120°  C.  (248°  F.)  it  melts.  Its 
elasticity  seems  distinctly  greater  in  the  direction  of  its  fibre  than  in  an 
opposite  one,  while  caoutchouc  is  equally  elastic  in  all  directions.  Gutta- 
percha  is  a  poorer  conductor  of  electricity  than  caoutchouc,  and  hence  its 
extensive  use  in  insulating  wires  and  cables.  Its  power  of  softening  at  45° 
C.  is  partly  overcome  by  the  process  of  vulcanization  or  union  with  sulphur. 
Chemically,  gutta-percha  seems  to  be  composed,  like  caoutchouc,  of  a  hydro- 
carbon (C10H16)n,  but  is  always  accompanied  by  a  certain  amount  of  oxida- 
tion products.  Payen  found  that  the  crude  gutta-percha,  after  thorough 
exhaustion  with  alcohol,  left  seventy-eight  to  eighty-two  per  cent,  of  a  pure 
hydrocarbon,  that  he  termed  gutta,  which,  at  from  15°  C.  to  30°  C.  (59°  to 
86°  F.),  was  tenacious  and  ductile,  but  not  very  plastic. 

Balata  is  the  dried,  milky  juice  of  the  bully -tree  (Sapota  Milleri),  which 
flourishes  in  Guiana.  The  balata  is  obtained  from  the  juice  in  a  manner 
similar  to  gutta-percha.  In  its  properties  it  is  intermediate  to  caoutchouc 
and  gutta-percha ;  it  is  more  plastic  and  readily  kneaded  than  the  former 
and  more  elastic  than  the  latter.  At  ordinary  temperatures  it  is  compact 
and  horny,  but  at  49°  C.  already  it  becomes  soft,  and  can  be  shaped. 
Towards  solvents  it  behaves  like  gutta-percha. 

It  is  used  chiefly  in  England  as  a  substitute  for  gutta-percha  and 
caoutchouc,  and  is  also  used  as  an  addition  to  these.  Towards  chloride  of 
sulphur  and  metallic  sulphides  it  acts  like  caoutchouc  and  gutta-percha. 

5.  NATURAL  VARNISHES. — This  term  is  applied  to  a  class  of  natural 
products  which  are  resinous  exudations,  capable  of  direct  use  as  varnishes 
or  lacquers.  The  most  important  are  : 

(1)  Burmese  lacquer,  a  thick,  grayish  terebinthinous  liquid,  collected 
from  the  Melanorrhcea  usitatissima  of  Burmah.     It  dissolves  in  alcohol, 
turpentine  oil,  and  benzene,  assuming  greater  fluidity.     Locally,  it  is  used  in 
enormous  quantities  in  lacquering  furniture,  temples,  idols,  and  varnishing 
vessels  for  holding  liquids. 

(2)  Cingalese  and  Indian  lacquer,  a  black  varnish  obtained  in   Ceylon 
and  India  from  Semicarpus  anarcardium,  and  in  Madras,  Bombay,  and 
Bengal,  from  Holigarua  longifolia.    It  forms  an  excellent  varnish,  adhering 
strongly  to  wood  and  metal. 

(3)  Japanese  and  Chinese  lacquer  is  derived  from  several  species  of  Rhus, 
whose  fruits  form  the  Japan  wax  of  commerce.    (See  p.  48.)    It  is  purified 
by  defecation  and  straining,  and  mixed  with  coloring  matter,  if  needed.     It 
is  most  extensively  used  in  Japanese  and  Chinese  lacquer-work. 

II.  Processes  of  Treatment. 

1.  MANUFACTURE  OF  PERFUMES  AND  SIMILAR  PRODUCTS. — In  the 
use  of  essential  oils  or  mixtures  of  them,  as  the  basis  of  agreeable  smelling 
preparations  or  perfumes,  several  classes  of  preparations  may  be  distin- 
guished :  (1)  Perfumed  waters  or  alcoholic  solutions  of  mixed  essential 
oils  ;  (2)  odoriferous  extracts  or  alcoholic  extracts  from  fatty  oils  charged 
with  odors  by  "  enfleurage"  or  maceration  ;  and  (3)  pomades  and  per- 
fumed soaps.  In  the  manufacture  of  the  first  class  of  preparations,  the 
alcohol  to  be  used  must  be  free  from  fusel-oil  and  thoroughly  deodorized. 
The  essential  oils  may  be  in  part  dissolved  separately  in  the  alcohol  or 
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added  together  to  the  proper  quantity  of  the  solvent  according  to  tin-  nature 
(.f  the  materials.  Long-continued  Mandini:  <>f  the  alcoholic  solutions  is  no\v 
considered  Miilicicnt  to  effect  a  thorough  amalgamation  and  development  of 

the  desired  perfume,  and  distillation  i-di-pen-ed  \\ith.     A>  e\ampl«-of  >urh 

perfumes  \vc  have  the  well-known  cologne  \\atcr-  and  »m  //,   ////'/ 

Tin-  odoriferous  extracts  are  gotten  by  tivatin<:  with  alcohol  the  tatty 
oils  and  fats  which  have  been  charged  with  the  perfume-  of  llower-  by  the 
"  enfleurage"  proce.--.  (  ilyeerine,  -<  .It  paratline.  and  va-eline  have  latterly 

been  used  too  in  the  extraction  of  tli lor-.  (  )n  chilliii'j  the  alcohol  by 

free/in^  mixtures  or  other  mean-  to  Is  ( '.,  the  tat  is  -eparated  out  and 
gotten  rid  of. 

Pomade-  ai-e  made  from  tatty  oils,  the  ba-i>  n-ually  beinur<>il  of  almomU. 
oil  of  hen,  or  olive  oil.  The  proec— c-  for  preparing  the-e  scented  fats  are 
those  of  infusion  with  warm  tatty  oils  or  melted  fats  at  a  temperature  of 
about  fJ")°  C1.,  and  of  "  enllciira^o,"  or  cold  perfuminir,  as  already  described. 
Tin*  analogous  da--  of  comj)ounds,  p«-rfuiued  soaps,  have  beni  -pokm  of 
under  another  heading.  (See  p.  71.) 

2.  MANUPACTURB  OP  VARNISHES. — Very  much  more  important,  in 
an  industrial  sense,  is  this  application  of  rssmtial  oils  and  resins.  Under 
the  name  varnish  is  generally  understocxl  either  a  solution  of  a  resin  or  a 
rapidly  resinifviu^  oil,  whieli,  when  apj)lied  to  solid  bodie-.  becomes  dry 
and  hard,  either  by  evaporation  of  the  solvent  or  a  drying  ami  oxidation  of 
the  same,  while  the  film  of  resin  left  behind  makes  a  hard,  glossy  coating, 
impervious  to  air  and  moisture.  Varnishes  mav  be  of  three  classes,  ac- 
cording to  the  character  of  the  solvent  used  for  the  resin  :  (1)  Linseed-oil 
varnishes,  in  which  boiled  linseed  oil  is  used  ;  (2)  spirit  varnishes,  in  which 
alcohol  or  petroleum  spirit  is  used;  (3)  turpentine-oil  varnishes. 

IJnueed-oil  \raniishe8. — Linseed  oil  itself,  as  a  drying  oil  (see  p.  47),  is 
capable  of  forming  a  varnish  without  the  addition  of  a  resin.  For  the 
preparation  of  varnish,  the  oil  must  first  be  boiled.  When  heated  to 
130°  C.  it  begins  to  boil,  but  the  heat  is  continued  until  it  shows  about 
260°  C.  (500°  F.),  which  temperature  should  not  be  much  exceeded.  It 
absorbs  oxygen  in  this  process  and  becomes  thick  and  glutinous.  The  ab- 
sorption of  oxygen  and  the  thickening  of  the  oil  are  much  accelerated  by 
the  use  of  driers  like  litharge,  manganese  dioxide,  lead  acetate,  manganese 
borate,  etc.  (See  p.  70.)  Boiling  linseed  oil  over  free  fire,  as  it  is  generally 
curried  on,  is  illustrated  in  Fig.  35.  Care  should  be  taken  that  the  kettle 
is  not  filled  so  full  as  to  allow  it  to  boil  over  when  strongly  heated.  The 
lid  e,  ordinarily  raised,  can  be  lowered  upon  it  if  the  escaping  decomposi- 
tion products  catch  tire. 

In  Fig.  36  is  shown  a  pair  of  kettles  arranged  for  boiling  the  lin-  •  d 
oil  by  steam.  Pressures  of  four  and  a  half  to  five  atmospheres  are  used  for 
the  steam  in  this  oaae,  and  a  temperature  of  132°  C.  (269.6°  F.)  yielding  a 
perfectly  clear,  light-colored  varnish.  When  boiled  so  as  to  have  lost  one- 
twelfth  of  its  weight  it  yields  the  ordinary  boiled  oil  varnish  ;  if  heated 
until  it  loses  one-sixth  of  its  weight  it  become-;  thicker  and  yields  a  still* 
varnish,  which  is  used  as  the  basis  of  printer's  ink.  (See  p.  98.)  Tin- 
specific  gravity  of  boiled  linseed  oil  of  good  quality  varies  from  .940  to 
.950,  and  on  ignition  it  leaves  a  mineral  residue  of  from  .2  to  .4  per  cent. 
Experiment  has  taught  that  oxidation  proceeds  the  more  rapidly  when  it  is 
pushed  rapidlv  ;  or,  in  other  words,  in  order  to  change  linseed  oil  into  var- 
nish by  atmospheric  exposure,  it  must  be  brought  to  boiling  as  rapidly  as 
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possible.  What  takes  place  in  this  case  is  not  an  evaporation  simply,  but 
a  decomposition  of  the  linolein  (glyceride  of  linoleic  acid)  takes  place, 
whereby  glycerine  separates,  and  a  portion  of  the  linoleic  acid  changes  into 
linoleic  anhydride,  C^H^O^an  elastic  and  caoutchouc-like  mass  (see  p. 
103),  which  then  dissolves  in  the  undecomposed  linseed  oil  and  gives  the  oil 
its  valuable  varnish-forming  and  drying  character.  Another  part  of  the 

FIG.  35. 


linoleic  acid,  liberated  by  the  boiling,  absorbs  oxygen  and  changes  into 
oxylinoleic  acid,  C16H26O5,  which  at  first  is  of  turpentine-like  character, 
while  all  undecomposed  glyceride  of  linoleic  acid  dries  up  to  elastic  linoxyn, 
C^H^OH.  A  good  varnish,  therefore,  is  made  up  of  three  factors  :  (1)  Lino- 
leic anhydride,  (2)  oxylinoleic  acid,  and  (3)  linoxyn. 

These  views  of  Mulder  as  to  the  changes  which  occur  in  the  boiling  of 
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linseed  oil  :uv  e.Mitn.verted  l.v  1  ian.-r  and  Ha/ura/  who  emi-ider  that  the 
li(jui(l  f'attv  acid-  of  lin-eed  oil  nui-i-t  of  ei-ht\  per  <-nit.  of  linolcnie  and 
isolinoleiiic  adds  ((  ',.1  I  ,<  )j,  tn^-ilirr  with  nearly  t\\«-nt\  per  06&t  of  linoleic 
acid  ((  \,sll;5j(  >.j),  and  Hnall  (plant  ii  i<-  of  oleie  acid  ((  \_\  1  J4(  ),).  Tlu'V  cou- 


Fio.  36. 


FIG.  37. 


sider  Mulder's  oxylinoleic  acid  to  have  been   a   mixture,  and  Mate   that   the 
more  linolenic  acid  an  oil  contains,  the  more  quickly  it  drie-. 

The  pure  linseed-oil  varnish  so  prepared  may  then  serve  for  the  prepa- 
ration of  what  are  termed  lacquers  or  solutions  of  iv-in-  in  linseed-oil  var- 
nish, thinned  out  ordinarily  with  turpentine  oil  or  benzine.  Of  the  re-ins 
amber,  copal,  aniine,  dammar,  and  asphalt  are  used  for  these  lacquers.  In 
order  to  pivpare  these  varnishes,  the  resins,  ami >er,  copal,  etc.,  are  fused  in  a 
kettle  placed  over  a  coal-fire  in  such  a  way  that  it  sinks  into  the  fire-chamber 
but  a  slight  distance,  and  the  flame  can  touch  the  bottom  of  the  kettle  only. 
After  the  resin  has  fused,  the  proper  amount  of  bofling  linseed-oil  varnish  is 
added,  care  being  taken  that  the  mixture  does  not  fill  the  kettle  to  more  than 
two-thirds  at  the  most,  and  the  contents  then  boiled  for  ten  minute-.  \Vheii 
the  kettle  has  cooled  down  to  about  140°  C.,  the  necessary  amount  of  tur- 
pentine oil  is  added. 

In  the  rase  of  the 
two  resins,  amber  and 
copal,  something  more 
than  a  fusion  is  essen- 
tial. They  are  sub- 
mitted to  a  dry  distil- 
lation, and  only  after 
they  have  given  off 
from  ten  to  twenty  per 
cent,  of  their  weight  in 
oily  distillation  prod- 
ucts does  the  residue 
become  perfectly  solu- 
ble. A  form  of  still  in 
which  this  distillation  of  resins  is  carried  out  is  shown  in  Fig.  37.  The  cop- 
per still  J?,  which  is  heated  in  this  case  over  the  direct  fire,  is  provided  with 

*  Zeit.  fur  Angew.  Chem.,  1888,  pp.  455-458. 
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mechanical  agitation,  R,  and  a  tube,  A,  for  drawing  off  the  melted  residue. 
This  tube  is  covered  where  it  projects  through  the  fire  by  fire-brick  to 
protect  it  from  the  flame.  The  distillation  products  escape  through  I)  and 
are  condensed  by  the  worm  K.  The  dry  distillation  of  copal  proceeds  best 
at  a  temperature  of  340°  to  360°  C.,  while  that  of  amber  requires  380°  to 
400°  C.  If  heated  higher  than  these  temperatures  the  resins  become  dark. 
As  the  melting-point  of  lead  is  334°  C.,  a  lead  bath  is  recommended  for 
the  copal  distillation. 

These  lacquers  are  the  hardest  and  most  durable  of  varnishes,  but  they 
dry  more  slowly  than  simple  linseed-oil  varnish. 

Spirit  varnishes  are  solutions  of  resins,  such  as  sandarach,  mastic,  dammar, 
gum-lac,  and  shellac,  in  alcohol,  although  this  is  sometimes  replaced  by 
other  solvents,  such  as  methyl  alcohol,  acetone,  and  petroleum  spirit.  The 
spirit  varnishes  dry  rapidly,  leaving  a  brilliant  surface,  but  are  more  apt  to 
crack  and  peel  off  than  turpentine  varnishes.  Turpentine  is  often  added  to 
these  varnishes  to  diminish  this  brittleness.  Among  the  most  important 
varnishes  of  this  class  are  shellac  varnish,  of  which  the  finest  grade  is  pre- 
pared from  bleached  shellac  dissolved  in  alcohol,  and  copal  varnish.  In 
the  preparation  of  this  latter,  the  copal  must  be  first  fused,  or  rather  sub- 
mitted to  dry  distillation  in  the  manner  already  described.  (See  p.  97.) 
The  fused  copal  residue  is  afterwards  powdered,  mixed  with  sand  and 
covered  with  strong  alcohol,  heated  to  boiling  for  some  time  and  then  filtered. 
The  addition  of  elemi  resin  imparts  a  toughness  to  the  copal  varnish. 

Colored  spirit  varnishes  are  made  by  the  addition  of  alcoholic  extracts 
of  annatto,  dragon's  blood,  gamboge,  turmeric,  cochineal,  or  even  solutions 
of  the  different  coal-tar  colors. 

Turpentine-oil  Varnishes. — These  are  prepared  in  the  same  way  as  the 
spirit  varnishes.  They  dry  more  slowly,  but  are  more  flexible  and  durable. 
The  most  important  are  copal  varnish  and  dammar  varnish.  Turpentine 
and  linseed  oil  are  frequently  used  jointly  in  the  preparation  of  varnishes, 
so  as  to  obtain  the  best  results.  Thus,  in  the  manufacture  of  copal  and 
amber  varnishes,  described  before  (see  p.  97),  the  relative  amounts  of  ma- 
terials are :  Ten  parts  of  copal  or  amber  (or  the  residue  from  the  distil- 
lation of  amber  oil),  twenty  to  thirty  parts  of  linseed-oil  varnish,  and 
twenty-five  to  thirty  parts  of  oil  of  turpentine. 

3.  MANUFACTURE  OF  PRINTER'S  INK. — Printer's  ink,  of  whatever 
grade,  whether  for  newspaper  print,  for  book,  lithographic,  or  copperplate 
printing,  is  a  very  stiff,  rapidly-drying  linseed-oil  varnish,  to  which  has  been 
added  lamp-black  or  charcoal  in  the  finest  state  of  division.  For  its  prepara- 
tion, linseed,  poppy,  or  nut  oil  is  heated  in  copper  vessels,  over  a  free  fire  to  a 
temperature  beyond  the  boiling-point,  so  that  inflammable  vapors  are  given 
off.  These  are  frequently  ignited,  or,  as  is  now  preferred,  they  may  be 
allowed  to  escape  into  a  draught  chimney.  The  heating  is  continued  until 
the  oil  becomes  quite  thick  and  a  film  forms  on  the  surface,  which  causes  it 
to  swell  up  with  escaping  bubbles  of  vapor.  A  sample  taken  out  and  tested 
between  the  fingers  should  draw  out  in  long  filaments.  In  this  condition, 
with  the  addition  of  about  sixteen  per  cent,  of  lamp-black,  the  varnish  will 
dry  very  easily  and  rapidly.  If  the  varnish  has  not  been  boiled  long 
enough,  the  printed  characters  will  run  together  and  oil  will  be  absorbed 
in  the  paper  fibre,  so  that  the  printed  letters  will  show  a  yellowish 
border. 

For  the  ink  to  be  used  in  book-printing,  an  addition  of  soap  is  absolutely 
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necessary  ;  it  allow-  tin-  inked  type  to  In-  withdrawn  from  the  moist  pajK-r 
dear  and  sharp  without  any  adhering  <>r  .-im-armi:.  Tin-  finer  tin-  primal 
\v«»rk  required  tin-  si itfer  and  nmiv  tlmnui-jlily  boiled  tin-  varni-h  mn-t  be, 
80  that  for  copperplate  and  lit hoM-raphic  ink-  a  iniK-h  stiller  ink  i-  needed 
than  lliat  which  i-  n-ed  fur  new-paper  or  even  bonk  printing.  The 

pensive   lill-eed    nil     I-     frequently    replaced     by    hemp— eed.    poppy,   or     llllt    nil. 

Ill  order  In  obviate  the  nrre— ity  of  boiling  thr  nil  down  -o  thick,  ro-in  is 
sometimes  added  to  the  varni-h.  Tim-,  to  mi«-  hundred  and  twrnty  part-  of 
iin-red  oil  forty  to  fifty  par t>  of  m-in  aiv  added  and  twelve  to  fourteen  part-* 
of  -nap.  liosin  oil  is  al-o  n-e(l  in  plan-  of  a  part  of  thr  lin-rrd  oil  ;  ind-  .  d. 
•  •heap  pi-iniin-  ink  ran  br  inadr  composed  of  ro-in  oil,  rosin,  soap,  and 
lainp-blark  alone,  without  thr  addition  of  lin-eed  oil  at  all. 

( 'olnivd  printing  inks  arc  obtained  by  adding  to  the  boiled-oil  varni-h 
Vermilion,  Prussian  bine,  indigo,  and  other  colors. 

4.  MA.\TFA<  Trm:  oi-  (  )i  i .-<  i .<  m i ,  LlNOLEUM,  I:TC. — In  the  manufao- 
tnrr  of  oil-clnths,  thr  basis  is  a  coarse  canvas,  of  jntr  or  cotton  stuff  n-nally, 
which    is  coated    with    repeated    layers  of  linseed    oil,  which    ha-   !•••••  n    pre- 
viously boiled  sufficiently  with  litharge,  and   to  which  the  coloring  matter 
has  been  added,  or,  in  other  words,  a    linseed-oil  paint.      Before  pnttin-   mi 
the  coatings  of  paint,  the  canvas   is   primed  with   a   coating  of  size.     The 
object  of  this  is  not  only  to  give  a  body  to  the  cloth,  but  al-o  to  protect  the 
libiv  from  the  injurious  action  of  the  acid  product-  general. d  diiiinj   the 
oxidation  of  the  linseed  oil  which  is  subsequently  applied.     Cloth  \vhi< -h  is 
covered  with  paint  without  a  protective  coating  of  BM8  soon  becomes  rotten 
and  brittle.      Both  sides  of  the  canvas  are  painted  in  this  way.      After  thor- 
ough  drying  of  this   layer  a   second   coat   is  applied   to  both    -id*-.      This 
suffices  for  the  back  of  the  oil-cloth.     The  painting  of  the  face  side  is  con- 
tinned  until  it  is  sufficiently  built  up  for  the  printing  of  the  pattern.     Most 
of  the  printing  is  hand-printing  done  by  blocks,  the  number  of  which  cor- 
respond to  the  number  of  colors  to  be  used. 

Jjiito/fiuii  is  a  name  often  given  to  a  form  of  oil-cloth  in  which 
powdered  cork  is  incorporated  with  the  boiled  oil,  or,  rather,  alternated 
with  it  in  layers.  A  pattern  is  then  printed  on  and  a  transparent  varni-h 
to  cover  all. 

The  oxidi/.ed  oil  used  in  linoleum  manufacture  has  a  certain  <|iiantitv 
of  rosin  and  kauri  gum  added  to  it  to  give  it  toughm— .  The  proportions 
for  ordinary  linoleum  are:  Oxidized  oil,  eight  and  one-half  hundredweight  : 
rosin,  one  hundredweight ;  kauri  gum,  one-half  hundredweight.  A  varietv 
of  linoleum  containing  wood  fibre  instead  of  ground  cork  has  of  late  years 
been  introduced  as  a  substitute  for  wall-papering  under  the  name  of 
"  linerusta." 

5.  PROCESSES  OF  TREATMENT  OF  CAOUTCHOUC  AM>  ( Ji  IT  A  -P  i:i:<  n\. 
— The  crude  rubber  as  brought  into  commerce  is  quite  impure  from  acci- 
dental causes,  and,  in  many  cases,  from  intentional  adulteration.     It,  there- 
fore, must  undergo  a  thorough  mechanical  cleaning  before  being  submitted 
to  any  chemical   treatment.      It    is  first  boiled  with  water  (to  which  a  little 
slaked   lime  is  advantageously  added)  until  thoroughly  softened,  then  cut 
into  slices  and  passed  repeatedly  between  grooved  rollers,  known  a-  \\a-hing 
rollers,  while  a  stream  of  cold  water  flows  over  it.     This  crushes  and  carries 
away  any  solid  impurities  as  well   as  those  which   arc  soluble.     Under  this 
treatment  Para  rubber  loses  from  twelve  to  fifteen  per  cent,  of  its  weight; 
the  African  variety,  twinty-five  to  thirty-three  per  cent.     After  this  wash- 
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ing,  the  rubber  is  carefully  and  thoroughly  dried.  Neglect  of  this  frequently 
causes  the  wares  when  subsequently  vulcanized  to  appear  spongy.  The 
caoutchouc  is  now  to  be  worked  over  and  agglomerated  thoroughly,  which 
is  done  either  by  passing  it  repeatedly  between  rollers  heated  to  70°  or  80° 
C.,  or  by  the  aid  of  the  so-called  masticating  or  kneading  machine,  which 
consists  of  a  hollow  cylinder  within  which  revolves  another  cylinder  with 
a  fluted  or  corrugated  surface.  The  rubber  being  placed  in  the  annular 
space  between  the  two  cylinders,  the  inner  one  is  made  to  revolve,  whereby 
the  mass  is  worked  over  and  over  and  thoroughly  kneaded.  The  rubber  is 
now  to  be  mixed  with  the  sulphur  needed  for  its  vulcanization  and  with 
whatever  coloring  or  weighting  materials  are  to  be  used.  This  mixing  is 
effected  by  the  aid  of  horizontal  rollers  heated  internally  with  steam,  and  so 
geared  as  to  move  in  contrary  directions  at  unequal  speed.  This  mixed 
rubber  so  obtained  can  readily  be  softened  by  heat,  and  can  now  be  shaped, 
moulded,  or  rolled  into  any  desired  shape,  and  then  submitted  to  the  heat 
necessary  for  vulcanization. 

The  vulcanization  of  rubber  consists  in  effecting  a  combination  of  the 
caoutchouc  with  sulphur  or  sulphides  whereby  the  behavior  of  the  caout- 
chouc towards  heat  and  towards  solvents  is  changed.  Its  value  for  tech- 
nical purposes  is  greatly  increased  by  this  change. 

Two  methods  of  vulcanization  are  to  be  noted :  (1)  the  vulcanizing 
by  mixing  with  sulphur  or  metallic  sulphides  and  heating  to  125°  to  140° 
C. ;  (2)  the  cold  vulcanization  process  of  Alexander  Parkes,  consisting  of 
immersing  the  rubber  articles  in  a  solution  of  chloride  of  sulphur  in  carbon 
disulphide  or  benzene.  The  latter  process  is  only  used  for  small  articles  or 
those  consisting  of  thin  layers  of  caoutchouc,  as  the  action  of  the  chloride 
of  sulphur,  even  in  the  two  and  one-half  per  cent,  solution  usually  em- 
ployed, is  very  rapid,  while  at  the  same  time  it  is  superficial,  so  that  it  is 
difficult  to  control  the  action  properly.  In  vulcanizing  by  the  first  process, 
that  of  "  burning,"  as  it  is  termed,  the  crude  caoutchouc  is  mixed  with 
varying  amounts  of  sulphur ;  for  soft  rubber  goods  with  about  ten  per  cent., 
for  hard  rubber  or  vulcanite  with  thirty  to  thirty-five  per  cent.,  of  sulphur. 
Instead  of  sulphur,  metallic  sulphides  are  used,  such  as  alkaline  sulphides, 
sulphide  of  lead,  and  sulphide  of  antimony.  For  red  rubber  goods  the 
latter  is  always  used.  For  soft  rubber  articles  the  proper  temperature  for 
vulcanization  lies  between  120°  and  136°  C.;  for  hard  rubber,  from  140° 
to  142°  C.  In  vulcanizing,  only  a  part  of  the  sulphur  is  chemically  com- 
bined, a  part  remaining  mechanically  mixed.  This  can  be  largely  removed 
by  boiling  the  finished  articles  in  a  solution  of  caustic  soda.  Both  air-baths 
and  steam-baths  are  in  use  for  heating,  the  latter  at  present  in  the  majority 
of  cases.  A  form  of  vulcanizing  vessel  for  smaller  articles  is  shown  in 
Fig.  38.  The  lid  can  be  removed  by  the  mechanism  shown  at  a,  and  the 
manometer  m  shows  the  pressure  existing  in  the  vulcanizer  A.  This  final 
heating  which  effects  the  change  in  the  rubber  is  frequently  called  the 
"  curing"  of  the  rubber.  Vulcanized  rubber  goods  can  be  manufactured  in 
the  greatest  variety  of  shapes  and  for  a  multitude  of  uses,  the  rubber  being 
in  almost  all  cases  "  cured"  after  the  shaping. 

In  the  manufacture  of  hard-rubber  articles,  the  East  Indian,  and  spe- 
cially the  Java  and  Borneo,  caoutchouc  is  used,  the  Para  rubber  being  too 
expensive,  and  besides  not  so  well  adapted.  While  in  the  manufacture 
of  soft  rubber,  the  burning  or  curing  was  the  last  process,  following  the 
shaping  of  the  articles,  in  the  manufacture  of  the  hard  rubber  the  curing  is 
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g< 'in -rally  done  before  the  article-  an-  finally  -haped.  (  )nlv  in  the  manufac- 
ture of  moulded  'j""d-  i-  the  curing  done  last.  <  intta-pereha,  lialata,  and 
colophony  n-in  aiv  often  added  to  modify  the  lianlne—  and  elasticity,  while 
a  large  number  of  mineral  .-iib-tance-.  -u«-h  a-  ehalk,  gypsum,  calcim-d  mag- 
nesia, zinc  oxitlc,  a.-phalt,  etc.,  UT6  added  ehielly  for  cheap,  nin^  purpo>cs. 


Fio.  38. 


A  kind  of  vulcanite  or  hard  rublxT  which  contains  a  very  large  ])rojx)rtion 
of  vermilion  is  used,  under  the  name  of  dental  rubber,  for  making  artificial 
puns. 

The  working  over  of  scrap  rubber  has  in  recent  years  assumed  much 
importance.  Although  scraps  of  raw  caoutchouc  can  easily  be  kneaded  or 
rolled  together,  vulcanized  rubber  cannot  be.  The  insolubility  of  the  vul- 
canized rubber  in  ordinary  solvents  presents  another  difficulty.  Although 
the  problem  is  not  yet  solved,  numerous  proposals  have  l>ecn  made.  These 
all  involve  one  of  three  lines  of  treatment:  (1)  mechanical  -nUlivision  of 
the  scrap  and  the  adding  of  the  powder  so  obtained  to  fresh  OftOUtchotlOj 
(2)  heating  the  vulcanized  -crap  to  fusion  and  use  of  the  pitchy  mass  so 
obtained  as  mixing  material  ;  (•'»)  partial  desulphuri/.atioii  of  the  caoutchouc, 
solution  in  suitable  solvents,  driving  off  the  solvent,  and  use  of  the  residuum 
so  obtained. 

Truifnh-nf  <>f  (,'ntffi-fn'rr/itt. — This  is  quite  similar  to  that  described 
under  caoutchouc.  The  crude  gutta-percha  mu-t  be  thoroughly  washed 
and  freed  from  dirt  and  mechanically  mixed  impurities.  It  i-  then  cut  or 
torn  into  fine  shreds,  which  are,  after  washing,  heated  so  as  to  ball  them 
together.  It  is  now  kneaded  and  compacted  so  as  to  drive  out  the  air- 
bubbles. 

Gutta-percha  is  used  both  in  the  vulcanized  and  unvulcanized  condition. 
The  vulcanization  is  carried  out,  as  in  the  case  of  caoutchouc,  by  the  addi- 
tion of  sulphur  and  curing.  The  amount  of  sulphur  varies  from  six  to 
ten  per  cent.,  and  the  temperature  for  vulcanization  lies  between  135°  and 
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150°  C.  The  gutta-percha  scraps  are  worked  up  generally  by  desulphurizing 
the  vulcanized  material  by  boiling  for  five  to  six  hours  in  a  six  to  eight 
per  cent,  solution  of  caustic  soda,  washing,  drying,  dissolving  in  carbon 
disulphide,  benzene,  or  turpentine,  and  then  distilling  off  the  solvent. 


IE.  Products. 

1.  PERFUMES. — The  general  character  of  the  several  classes  of  perfumes 
lias  already  been  indicated  in  the  previous  section,  while  the  products  are 
so  extremely  numerous  and  special  in  character  that  any  attempt  at  detailed 
description  would  be  beyond  the  province  of  this  work. 

2.  VARNISHES. — We  have  to  note  here    both  the  natural   varnishes, 
already  referred  to  (see  p.  93),  and  manufactured  varnishes.     The  classi- 
fication of  manufactured  varnishes,  already  given,  was:     (1)  Linseed-oil 
varnishes,  including  both  plain  boiled  linseed-oil  varnish  and  solutions  of 
resins  in  the  boiled  oil,  or  lacquers,  as  they  are  often  called ;   (2)   spirit 
varnishes,  including  not  only  alcoholic  solutions  of  resins,  but  solutions 
of  the  latter  in  benzol,  petroleum  spirit,  wood-naphtha,  and  other  volatile 
liquids,  and  (3)  turpentine-oil  varnishes. 

Natural  Varnishes. — With  regard  to  the  Burmese  and  Indian  lacquers, 
little  is  known  except  as  to  their  production  as  crude  materials.  The 
Japanese  lacquer  has  been  more  fully  described,  and  the  methods  of  ap- 
plying it  attentively  followed.  As  the  varnish  flows  from  the  incisions 
in  the  trees  of  the  Rhus  species  it  is  a  milky  juice,  which,  on  exposure, 
quickly  darkens  and  blackens  in  color.  After  resting  in  tubs  for  some 
time  the  juice  becomes  thick  and  viscous,  the  thicker  portions  settle  at  the 
bottom  of  the  vessel,  and  from  it  the  thinner  top  stratum  is  separated  by 
decanting.  Both  qualities  are  strained  to  free  them  from  impurities,  and 
when  ready  for  use  they  have  a  rich  brown-black  color,  which,  however, 
in  thin  layers  presents  a  yellow,  transparent  aspect.  This  varnish,  when 
applied  to  any  object,  becomes  exceedingly  hard  and  unalterable,  and  with 
it  as  a  basis  all  the  colored  lacquers  of  Japan  are  prepared.  The  black 
variety  of  the  lacquer  is  prepared  by  stirring  the  crude  varnish  for  a  day 
or  two  in  the  open  air,  by  wrhich  it  becomes  a  deep  brownish-black. 
Towards  the  completion  of  the  process,  a  quantity  of  highly  ferruginous 
water,  or  of  an  infusion  of  gall-nuts  darkened  with  iron,  is  mixed  with  the 
varnish,  and  the  stirring  and  exposure  are  continued  till  the  added  water 
has  entirely  evaporated,  leaving  a  rich  jet-black  varnish  of  proper  consistency. 
In  preparing  the  fine  qualities  of  Japanese  lacquer,  the  material  receives 
numerous  coats,  and  between  each  coating  the  surface  is  carefully  ground 
and  smoothed.  The  final  coating  is  highly  polished  by  rubbing,  and  the 
manner  in  which  such  lacquered  work  is  finished  and  ornamented  presents 
endless  variations.  The  durability  of  Japanese  lacquer-work  is  such  that 
it  can  be  used  for  vessels  to  contain  hot  tea  and  other  food,  and  it  is  even 
unaffected  by  highly-heated  spirituous  liquors. 

Linseed-oil  Varnishes. — The  method  of  burning  linseed  or  similar  drying 
oil  in  order  to  develop  its  varnish-forming  character  has  been  described 
(see  p.  95).  The  use  of  metallic  oxides  and  salts  as  driers  has  also 
been  referred  to.  In  this  connection  an  additional  word  may  be  had.  While 
litharge  and  lead  acetate  are  commonly  used,  they  must  be  replaced  by 
manganese  or  other  driers  when  the  boiled  oil  is  to  be  used  as  the  basis  of  zinc 
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oxide  paint.  Lately,  manganons  borate  ha-  been  -ti-.-ipjly  recommended  as 
a  drier,  and  it  i-  claimed  that  it  i-  capable  ••!'  -jivim:  rapid  drxin-  tjiialities 
to  lins;-cd  oil  when  it  i-  heated  a  -iiHici.-nt  Im-jtli  of  time  n.n  t..  fourteen 
day-)  at  a  tempera!  uiv  of  only  1<>  <  .  Such  a  boiled  oil  \\oiild  be,  of  course, 
lighter  in  color  than  it'  treated  at  a  higher  t«  HI|M  i  at  niv.  Koiled  ,,il  is 
often  bleached  l»y  >unliglit,  and  alway-  improve-  l.y  keeping,  a-  impurities 
gradually  settle  out,  and  ils  drying  <|iialitie-  develop  by  age.  Acenrdiii-  t., 
!•'.  SUIT,  lin-eed-oil  varni-h  in  dr\  in-  ah-orb-  at  nio^pherie  ox\  gen  {.,  the 
extent  of  almost  fifty  pel-  cent,  of'  ii-o\\n  \\right. 

The  nio>t  important  of  the  linseed-oil  iv~in  \anii-ln--  are:  Aml.ei-  \ai~- 
nisli,  the  mo>t  dnral)l«-  and  resisting  oil  varnish,  luit  nntiti-tnnatel\-  a\'  dark 
color;  copal  varnish,  the  finest  of'  all  the  oil  varni-lie>,  nearly  a-  hard  and 
dnral)le  as  ainlter  varni>li,  inneh  paler  in  color,  and  «lr\  in-  DMMW  «piickly  ; 
and  kauri  resin  and  eoloplmuv  rc-in  fi.r  inferior  vanii-lie-.  The  L-t  ..il 
varnishes  are  made  from  u  fusx-d"  copal  or  aniln-r,  with  l)<»ile<l  lin-e.-d  nil, 
sul)se(|iiently  tliinnod  out  with  oil  of  turpentine. 

>'/>//•//  rtirninhes  are  easily  oluained  pert'ectly  clear;  they  dry.v«-r\ 
rapidly,  and  leave  smooth,  luMmu-  films,  which  a|»pear  at  tir-t  IIILA--.  p- 
tionahli'.  But  slight  vibrations  and  changes  of  temperature  so.,n  develnp 
immmerahle  small  cracks,  in  consequence  of  which  it  lo^-  it.-,  lu-tn-.  and 
if  the  varnish  layer  was  thick  it  Kevins  to  JXH*!  off.  The  n-asmi  nf  this  is 
that  the  film  consisted  simply  of  unaltered  n-in,  -pivad  in  a  thin  lay.  r, 
and  as  most  of  the  resins  are  brittle  l>y  nature,  slight  >ho«-k-  or  changes 
of  temjK^rature,  inducing  contraction  or  expansion  of  the  article  varnished, 
will  cause  the  resin  film  to  break.  What  is  true  of  alcoholic  varni-h.s 
applies,  of  course,  also  to  all  varnishes  where  the  solvent  of  the  iv-in  t: 
no  part  in  the  formation  of  the  film.  The  more  volatile  the  solvent  the 
quicker  the  film  is  deposited  and  the  easier  it  cracks.  Two  methods  of 
obviating  this  difficulty  are  in  use:  first,  to  mix  with  the  brittle  resin  a  soil, 
balsam-like  resin,  and,  second,  to  mix  spirit  varnish  with  one  prepared  with 
turpentine  oil.  The  resins  chiefly  used  in  spirit  varnislns  are  lac,  which 
is  the  best  because  of  its  hardness  and  toii'Jmr^,  copal,  sandaradi,  and 
for  coloring,  chiefly  gamboge,  dragon's  blood,  gum  acaroides,  aloes,  and 
benzoin. 

TiiriH'iit'mc  mrnishes  are  seldom  used  exclusively  as  such  because  of  the 
strong  and  persistent  turpentine  odor.  When  used  alone  they  give  films 
as  perfect  as  those  gotten  by  the  use  of  spirit  vaini-lus  but  toucher  and 
•  Irving  more  slowly  than  these  latter.  Usually,  however,  turpentine  «.il 
is  used  in  connection  with  boiled  linseed  or  other  drying  oil  in  varni-h 
manufacture,  as  in  the  case  given  of  copal  varnish,  bet  'ore  described 
p.  !>7).  The  resins  used  for  tnrpentine-oil  varni-hes  are  the  varieties  of 
copal,  amber,  sandarach,  dammar,  mastic,  and  coniferous  resins. 

Japans  are  simply  varnishes  that  yield,  on  drving,  verv  hard,  brilliant 
coatings  upon  paper,  wood,  or  metal,  analog,  u-  to  the  natural  lacquer  of 
Japan,  before  (lescriln-d.  The  effecting  of  this  result  i-  -ottcii  in  -«  neral 
by  exposing  the  articles  to  high  temperature-  in  Moves  or  hot  chambers 
subsequent  to  the  application  of  the  varnish.  This  supplementary  heating 
process  is  called  "japanning."  It  i-  done  with  clear,  trail-parent  varnishes, 
in  black  and  in  colors,  but  black  japan  i-  the  most  characteristic  and  com- 
mon style  of  work.  Black  japan  varnish  contain-  a-phaltmn  as  the  ba-i-. 
and  when  applied  in  several  layers,  each  of  which  i>  separately  dried  in  the 
stove  at  a  heat  rising  to  300°  F.  (149°  C.),  is  susceptible  of  a  high  polish. 
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Japanning  may  be  regarded  as  a  process  intermediate  between  ordinary 
painting  and  enamelling.  It  is  very  extensively  applied  in  the  finishing  of 
ordinary  hardware  goods  and  domestic  iron-work,  deed-boxes,  clock-dials, 
and  papier-mache  articles.  The  process  is  also  applied  to  blocks  of  slate 
for  making  imitation  of  black  and  other  marbles  for  chimney-pieces,  etc., 
and  a  modified  form  of  japanning  is  employed  for  prepared  enamel,  japan, 
or  patent  leather. 

3.  PRINTING  INKS. — The   character  of  printing  inks  has  been  suffi- 
ciently indicated  in  the  description  of  its  manufacture.     (See  p.  98.) 

4.  MISCELLANEOUS  PRODUCTS  FROM  RESINS  AND  ESSENTIAL  OILS. 
— (1)  Sealing-wax  is   a  valuable   product   of  manufacture    from   shellac. 
Venice  turpentine  is  always  added  to  the  shellac  to  make  it  more  fusible 
and  less  brittle,  and  some  mineral  coloring  matter,  which,  in  the  case  of 
the  common  red  variety,  is  always  vermilion.      For  black  sealing-wax  the 
best  ivory-black  is  used,  for  golden-colored  wax,  "  mosaic  gold"  (stannic  sul- 
phide), for  green  wax,  powdered  verdigris.      For  the  commoner  varieties, 
earthy  materials,  like  chalk,  magnesia,  burnt  plaster,  barytes,  or  infusorial 
earth,  are  added  for  the  double  purpose  of  making  it  less  fusible  and  to 
weight  it.      Perfumed  sealing-waxes  are  scented  with  benzoin,  Peru  and 
Tolu  balsams,  and  storax.      As  a  substitute  for,  or  adulterant  of,  shellac 
in  the  manufacture  of  sealing-wax,  gum  acaroides  has  recently  come  into 
use. 

(2)  Rosin  Oil. — In  recent  years  great  importance  has  attached  to  the 
products  of  the  dry  distillation  of  common  colophony  resin  or  "  rosin."     It 
yields,  on  distillation,  two  valuable  products :  first,  from  three  to  seven  per 
cent,  of  a  light  fraction  known  as  rosin  spirit,  or  "  pinoline,"  and,  second, 
from  seventy  to  eighty-five  per  cent,  of  rosin  oil,  a  violet-blue  fluorescing 
liquid,  varying  in  specific  gravity  from  .98  to  1.1.     The  pinoline  is  used  as 
an  illuminant  arid  as  a  substitute  for  turpentine  oil  in  varnish  manufacture. 
The  rosin  oil  has  a  large  use  as  a  lubricant,  especially  for  machinery  and 
wagon-wheels.      It  is  used  in  the  condition  of  "rosin  grease"  (made  by 
stirring  rosin  oil  with  milk  of  lime),  and  largely  as  a  substitute  for  linseed  oil 
in  the  manufacture  of  printer's   ink.    (See  p.  98.)    Moreover,  as  it  can  be 
deprived  of  its  fluorescence  or  "  bloom"  in  various  wrays  (exposure  to  sun- 
light, treatment  with   hydrogen    peroxide,  nitro-benzene,  dinitro-naphtha- 
lene,  etc.),  it  can  be  used  in  adulterating  olive,  rape,  and  sperm  oils.     The 
best  mineral  lubricating  oils  are  also  adulterated  with  it  at  times. 

(3)  Oil-doth  and  Linoleum. — The  general  outlines  of  the  manufacture 
of  these  products  as  given  on  page  99,  allow  one  to  form  an  idea  of  the 
character  of  them. 

Oil-cloth  is  a  firm  but  flexible  fabric,  which  by  its  treatment  has  been 
made  water-proof  and  impervious  to  atmospheric  influences.  It  can  be 
washed  and  cleansed,  and,  under  ordinary  wear,  retains  for  a  considerable 
time  its  lustre  and  brilliancy  of  printed  pattern.  It  is,  however,  cold  and 
hard,  and,  unless  well  seasoned,  the  pattern  is  liable  to  wear  off.  The 
covering  film  will  not  stand  much  bending  without  cracking,  and  then  it 
rapidly  disintegrates. 

Linoleum  is  softer  and  more  elastic  to  the  feet,  and,  if  the  composition 
has  been  properly  made,  shows  great  elasticity  and  toughness,  so  that  its 
wearing  powers  are  notably  greater  than  those  of  oil-cloth.  In  laying  down 
linoleum,  the  edges  may  be  cemented  to  the  floor  by  using  a  thick  solution 
of  shellac  in  methylated  spirit. 
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(4)  Liuwwl-oi/  ( 'iinufrlitiHr. —  For  the  preparation  of  this  substitute  for 
caoutchouc,  linseed  nil  is  heated  to  a  high  t.  IIIJH  i-atuiv  I'm-  a  considerable 
time  until  it  hecome.-  dark  ami  ha-  changed  !nt»  a  tough  ina-s.  Km-  ten 
kilns,  of  linseed  nil  ahmit  twenty-four  hours'  heating  is  neee—  ary.  Th« 
tough  ma--  oldained  i-  thru  healed  for  -everal  hour-  with  nitric  arid  until 
it  l>eeomes  plastic  and  harden-  <>\\  cxpOSUTC  t«»  tin- air.  It  i-  then  taken 
i'roin  tlie  nitric  arid  and  put  int«>  a  lnke\\  arm,  -lightly  alkaline  hath,  \\  i 
it  is  kneade<l  for  a  time  tO  finee  it  I'rnin  adhering  aeid.  The  ofl-CMOtohoOO  tt 
soluble  in  turpentine,  rarl»«m  di-ulphide,  and  can-tie  alkalie-  ;  «.n  addition 
nt'aeid  it  is  precipitated  unchanged  fV«.m  the  alkaline  solution.  It  i-  Mated 
that  when  vnleani/.ed  l>\  the  arid  ,,f  -nlphnr  ehl,.|-ide  it  ran  IM-  ux-d  a-  a 
substitute  or  adulterant  of  genuine  caoutchouc. 

5.  lNDi.\-i;ri',m.i;  \\i>  ( ir TTA-PI:!:*  n  \  l'i:m»r<Ts. —  In  noting  th« 
properties  Of  crude  caniitrhnne  it  was  stated  that  the  raw  eaniiteh.  .iic,  \\hile 
elastic  at  on li nary  temperatures,  did  imt  show  the  >anie  eharaetrr  \\h<ii 
chilled,  as  it  became  hard,  and  when  heated  it  ln-t  the  elastic  feature  en- 
tirely. On  the  other  hand,  vuleani/ed  caoutchouc  or  manufactured  rubber 
shows  no  change  in  its  elasticity,  even  within  very  wide  limits  nf  tcmjiera- 
ture.  Freshly-cut  surface.-,  <»n  hein^-  pre— ed  together,  will  imt  adh«-n»  as 
wa-  the  case  with  raw  canntchniic ;  it  -well-  up  <»idy  -lightly  in  bisulphide 
of  carbon,  oil  of  turpentine,  and  other  snlvmts,  while  the  niw  cju.nt<-hniir 
-w«-lls  up  greatly  and  even  dissolves  in  part.  The  vuleani/ed  rubber  is 
much  more  impervious  to  water  than  the  raw  material.  As  stated  before, 
imt  all  of  the  sulphur  present  in  the  vnlcani/ed  rnbU-r  i-  chemically  <-mn- 
bined.  A  large  excess  of  tmoombined  sulphur  i-,  however,  deleterious  to 
the  goods,  as  it  causes  them  t<»  lose  their  elasticity  when  they  are  stored  for 
a  tew  years.  If  such  goods  are  treated  with  alkaline  solution-,  the  free 
sulphur  can  be  removed  without  impairing  the  elastic  character  of  the  vul- 
canized caoutchouc.  Hard  rnhh ••]•,  prepared,  as  described  before,  from 
crude  caoutchouc,  with  a  larger  jx'rccntage  of  sulphur,  has  a  black  color 
and  take-  a  lii^h  degree  of  jM)lish.  Articles  of  t\\\^  material  can  also  be 
gotten  of  any  desired  color,  as  in  the  case  of  the  dental  ruhU-r  previously 
referred  to.  Resins,  like  shellac,  are  often  added  to  give  elasticity  to  the 
hard  rubber,  the  amount  of  resin  capable  of  being  taken  up  being  consider- 
able, equalling  at  times  fifty  per  cent,  of  the  combined  \\ei-lit  of  the 
caoutchouc  and  sulphur.  Hani  rubber  becomes  strongly  electrified  by  rnl>- 
bing,  and  hence  is  used  in  various  plate  electrical  machines,  while  its  non- 
conducting qualities  make  it  valuable  for  insulators  in  various  forms  of  tele- 
graphic apparatus.  Hard  rubber  is  unacted  upon  by  strmi^  mineral  acids 
and  other  chemicals,  and  hence  is  used  for  acid-pumps  and  cnnnei-tinns,  f«»r 
spatulas,  photographic  di.-he-,  etc. 

Qutfa^pcrcha,  in  the  pure  as  well  as  the  vulcani/.ed  condition,  has  be«-n 
adapted  to  a  multitude  of  uses.  One  of  the  nmst  important  uses  of  LMitta- 
percha  is  as  a  material  for  the  mat  rice-  «»r  nmuld-  fnr  enin-.  medal-,  -mailer 
art  castings,  etc.,  and  all  forms  of  galvaim-pla-tic  work.  The  pure  gutta- 
percha  serves  very  well  to  take  imprints,  but  for  overlaying  matrices  or 
moulds  compositions  of  gutta-percha  and  caoutchouc  must  he  used,  to  unite 
plasticity  when  heated  with  sufficient  ela-tieity  to  allow  of  the  matrix  being 
removed  without  injnrv  to  the  impression.  The  chief  use1  for  gutta-jx'reha, 
however,  is  for  telegraphic  cable  insulation  (every  nautical  mile  of  cable  re- 
quiring about  one-half  of  a  ton  of  gutta-percha),  and  the  chief  purchaser 
and  worker  in  gutta-percha,  therefore1,  is  the  "  Telegraph  Construction  and 
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Maintenance  Company/7  of  London,  who  buy  up  the  crude  gutta-percha 
through  their  agents  in  Singapore.  The  gutta-percha  is  covered  upon  the 
wires  by  pressing.  The  partly  vulcanized  and  warm  gutta-percha  mass  is 
forced  out  of  a  powerful  press  along  with  and  around  the  wire  or  wires  to 
be  covered.  The  gutta-percha  must  have  previously  been  well  kneaded  to 
remove  the  air  thoroughly  from  it,  so  that  it  may  pack  uniformly. 

Gutta-percha  is  also  incorporated  with  powdered  wood  and  sawdust, 
making  a  composition  which  is  very  hard  and  can  be  worked  by  means  of 
the  saw  and  turning-lathe  into  a  variety  of  shapes. 


IV.  Analytical  Tests  and  Methods. 

1.  FOR  ESSENTIAL  OILS. — Essential  oils  are  extremely  liable  to  adul- 
teration, the  high  price  of  many  of  the  finer  ones  lending  to  this  tendency. 
The  usual  adulterations  are  with  alcohol,  chloroform,  oil  of  turpentine,  fixed 
oils,  both  vegetable  and  mineral,  and  spermaceti,  and  by  mixing  the  cheaper 
essential  oils  with  the  more  expensive.  In  addition  to  the  above  intentional 
adulterants,  volatile  oils  are  apt  to  contain  water  and  resinous  and  other 
oxygenated  bodies,  produced  by  their  exposure  to  air. 

The  detection  of  fatty  oils,  resins,  or  spermaceti  can  often  be  effected  by 
simply  placing  a  drop  of  a  suspected  oil  upon  a  piece  of  white  paper  and 
exposing  it  for  a  short  time  to  heat.  If  the  oil  is  pure  it  will  entirely 
evaporate ;  but  if  one  of  these  adulterants  be  present,  a  greasy  or  translu- 
cent stain  will  be  left  on  the  paper.  These  substances  will  also  remain 
undissolved  when  the  oil  is  agitated  with  thrice  its  volume  of  rectified 
spirit. 

Alcohol  in  essential  oils  may  be  detected  by  agitating  the  oil  with  small 
pieces  of  dry  calcium  chloride.  These  remain  unaltered  in  a  pure  essential 
oil,  but  dissolve  in  one  containing  alcohol,  and  the  resulting  solution  sepa- 
rates, forming  a  distinct  stratum  at  the  bottom  of  the  vessel.  When  only  a 
very  little  alcohol  is  present,  the  pieces  merely  change  their  form  and  exhibit 
the  action  of  the  solvent  on  their  angles  or  edges,  which  become  more  or 
less  obtuse  or  rounded.  If  the  experiment  be  performed  in  a  graduated 
tube  and  a  known  measure  of  the  oil  employed,  the  diminution  in  its  vol- 
ume will  give  that  of  the  alcohol  mixed  with  it.  Dragendorff  recommends 
the  use  of  metallic  sodium,  which  does  not  act  on  hydrocarbons,  and  but 
slightly  in  the  cold  on  oxygenated  essential  oils  if  pure  and  dry,  but  in  the 
presence  of  ten  or  even  five  per  cent,  of  alcohol  a  small  piece  of  the  sodium 
is  dissolved,  while  a  brisk  evolution  of  gas  takes  place.  Aniline-red  (ma- 
genta) is  insoluble  in  essential  oils  if  pure  and  dry,  but  in  the  presence  of 
a  small  proportion  of  alcohol  they  acquire  a  pink  or  red  color.  This  adul- 
teration with  alcohol  is  said  to  be  very  common,  as  it  is  a  frequent  practice 
of  druggists  to  add  a  little  of  the  strongest  rectified  spirit  to  their  essential 
oils  to  render  them  transparent,  especially  in  cold  weather.  Oil  of  cassia 
is  a  notable  example  of  an  oil  treated  in  this  way. 

The  adulteration  of  essential  oils  with  fixed  oils  is  best  distinguished  by 
what  is  termed  "  steam  distillation."  The  essential  oils  all  distil  over  with 
steam  at  100°  C.,  while  resinous  matters  and  fixed  oils,  added  as  adulterants, 
will  remain  in  the  retort.  The  adulteration  of  the  finer  essential  oils  with 
cheaper  essential  oils  is  constantly  met  with.  Thus,  the  expensive  oil  of 
cassia  is  adulterated  with  oil  of  cedarwood  ;  oil  of  rose  with  oil  of  geranium ; 
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and  nil  of  geranium  with  nil  <>i'  turpentine.  Notim  tin-  s|>ccitic  gravity 
can-fully  when- that  is  characteristic,  and  Mutiny  thendnmn  «-\  •aporatin-.  an- 
methods  nioM  ^ciierallv  n-orled  to  for  the  detection  of  the-.-  fraudulent 
admixture-.  The  adnltcrat ion  of  e— .-ntial  oil-  \\ith  nil  of  turpentine  18, 
unfortunately,  one  of  tlmse  ditlicult  nf  dctcctimi,  and  im  inctlmd  of  t«-tm- 
has  as  yet  been  suggested  that  \\ill  aluav-  -how  it.  The  t,-t  "f  Laiid- 
heek  *  on  the  solubility  nf  salicylic  acid  in  tin-  different  MKDtiaL  nils  as  a 
means  of  detecting  their  adulteration  -eem-  to  have  given  good  n-nli~.  II. 
has  observed  that  salicylic  acid  is  soluble  in  essential  oil-,  but  mo-t  freely  in 

oils  containing  oxygen.     An  adulteration  of  five  «T  t« n  p«T  <•,  nt.  of  nil  <.f 

turj)cntine  is  generally  indicated  tolerably  distinctly  by  the  redueed  >nlv.-nt 
power  of  the  oil  for  salicylic  acid.  The  examples  in  the  aeenmpanyin^ 
table  will  suffice  to  indicate  the  differences  observed.  The  number  ..f  parts 
of  the  various  oils  other  than  turpentine  required  t«>  dissolve  one  part 
of  salicylic  acid  rarely  exceed-  eighty,  >«»  that  there  U  in  all  cases  a  very 
considerable  ditl'en  IKC.  The  age  of  an  oil  materially  affects  its  solvent 
power. 


NATURE  OF  OIL. 

NUMBER  OF  PARTS  BY  WKKJHT  op  OIL  REQUIRED 
FOB  SOLUTION  OF  ONE  PART  OF  SALICYLIC  ACID. 

Pure  oil. 

•f  5  per  cent  "f 
turpentine  oil. 

i'>  per  cent  of 
turpentine  oil. 

Oil  of  anise  (fresh)  .        

74 
30 
17 
80 
12 
625 
540 

159 
94 

94 
36 
22 
104 
18 

116 
J'J 
H 
186 
M 

Oil  of  bergamot  (fresh)  

Oil  of  bergamot  (one  year  old)    
Oil  of  lemon  (*ix  months  old) 

Oil  of  rosciuurv  (fri'-h) 

Oil  of  turpentine  (three  months  old)  .    .    . 
Oil  of  turpentine  (two   years   exposed   to 
sunlight) 

Oil  of  turpentine  (partly  resinified)     -    .    . 

In  using  the  test,  Landbeck  employs  flat -bottomed  test-glasses,  two 
inches  long  by  five-sixteenths  inch  in  diameter.  Kach  ^lass  is  fixed  in  a 
cork  to  serve  as  a  stand,  and  .050  gramme  <>!'  salicylic  acid  is  placed  in  it. 
The  oil  to  be  tested  is  then  added  drop  by  drop,  and  the  tnlx-  shaken  until 
a  clear  solution  is  obtained,  when,  from  the  iiu-rea-e  in  weight,  the  parts  of 
oil  added  can  be  calculated. 

The  essential  oils  give  a  variety  «»l'»-ulnr-te>t<  with  -ndi  iva-vni-  a>  con- 
centrated sulphuric  acid,  fuming  nitric  acid,  bromine,  picric  acid.  etc..  which, 
however,  are  not  sufficiently  characteristic  to  allow  of'  their  being  used  to 
recognize  adulterations.  The  purity  of  oil  of  turpentine,  a-  commercially 
the  most  important  of  the  osentiai  «»iU.  i-  often  a  n|u«>tinn  to  be  deter- 
mined. The  most  usual  adulterant-  nf  oil  nf  turpentine  are  light  petro- 
leum-naphtha, known  as  "turpentine  <ubstitute."  "  n»sin  -pint,"  and  nf  late 
a  so-called  "light  camphor  nil,"  gotten  a-  a  side-product  in  the  manufacture 
of  safrol.  The  following  tabular  statement  of  Allen  t  show-  the  character- 
of  oil  of  turpentine,  rosin  spirit,  and  petroleum-naphtha  under  the  inHucinv 
of  different  reagents  : 


IMiar.  Joiirn.  [3],  xv.  309. 


f  AlU-n,  Commercial  Org.  Anal.,  2d  ed.,  ii.  p.  439. 
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Turpentine  oil. 

Rosin  spirit. 

Petroleum-naphtha. 

1.  Optical  activity  .  .  . 

Active. 

Usually  none. 

None. 

2.  Specific  gravity  .   .    • 
3.  Temperature  of  dis- 

.860 to  .872. 
156°  to  180°. 

.856  to  .880. 
Gradual  rise. 

.700  to  .740. 
Gradual  rise. 

tillation,  C.  °. 

4.  Action    in  the   cold 
on  coal-tar  pitch. 

Readily  dissolves  pitch 
to  a  deep-brown  solu- 

Readily dissolves  pitch 
to  a  deep-brown  solu- 

Very  slight  action,  lit- 
tle or  no  color. 

'  Jfc 

tion. 

.     tion. 

5.  Beha^y  with  abso- 

Homogeneous      m  i  x- 

Homogeneous      m  i  x- 

No  apparent  solution. 

luteJIphenol,   3    of 

ture. 

ture. 

safirfple  to  1  of  phe- 

nol, at  20°  C. 

6.  Behavior    on    shak- 

Homogeneous      m  i  x- 

Homogeneous     m  i  x- 

Liquid   separates  into 

•ing  3  parts  of  cold 
sample  with  1  part 

ture. 

ture. 

two  layers  of  nearly 
equal  volume. 

castor  oil. 

7.  Bromine  absorption. 
8.  Behavior    with    sul- 

203 to  236. 
Almost  completely 

184  to  203. 
Polymerized. 

10  to  20. 
Very  little  action. 

phuric  acid. 

polymerized. 

It  will  be  seen  that  the  presence  of  petroleum  spirit  can  be  indicated 
by  almost  all  of  these  reagents,  while  that  of  rosin  spirit  would  hardly  be 
shown.  H.  E.  Armstrong  *  recommends  a  process  which  consists  of  agi- 
tating the  suspected  turpentine  sample  first  with  sulphuric  acid  and  water 
(2 : 1),  carefully  avoiding  too  high  a  rise  of  temperature.  This  gradually 
polymerizes  the  genuine  oil  of  turpentine,  changing  it  to  a  viscid  non- 
volatile oil.  The  sample  is  then  distilled  with  steam,  and  that  which  is 
volatile  at  this  temperature  is  now  treated  with  4:1  sulphuric  acid  and 
water.  The  polymerization  of  the  turpentine  is  usually  completed  by  this 
treatment,  while  any  petroleum-naphtha  present  is  not  affected,  and  remains 
as  volatile  as  before.  A  final  steam  distillation  will  give  the  petroleum- 
naphtha  originally  present  in  the  turpentine  sample.  Rosin  spirit  is  partly 
polymerized  in  this  treatment,  while  volatile  hydro-carbons  remain,  but  its 
presence  is  much  harder  to  indicate  certainly  than  that  of  petroleum. 

The  bromine  absorption  of  oil  of  turpentine  (see  p.  77)  is  higher  than 
that  of  any  of  these  adulterants,  and  that  may  in  many  cases  serve  to  indi- 
cate its  purity. 

The  iodine  absorption  percentages  with  HiibPs  reagent  (see  p.  77)  for 
a  large  number  of  essential  oils  have  been  determined  by  R.  H.  Davies,f 
who  finds  that  the  differences  in  absorption  power  are  very  much  greater  in 
the  case  of  essential  than  in  that  of  fixed  oils.  Some  volatile  oils  do  not 
absorb  any  appreciable  amount  of  iodine,  while  others  will  remove  from 
solution  four  times  their  weight,  or  four  hundred  per  cent.  Thus,  oil  of 
turpentine  shows  an  absorption  equivalent  of  three  hundred  and  seventy- 
seven  per  cent. 

2.  FOR  RESINS. — The  tests  for  resins  or  resin  acids,  when  admixed 
with  fats  or  fatty  oils,  have  been  referred  to  under  the  discussion  of  the 
latter.  (See  p.  78.) 

From  admixture  with  the  neutral  fixed  oils  resins  may  be  separated 
by  treating  the  mixture  with  alcohol  of  about  .85  specific  gravity.  The 
alcohol  is  subsequently  separated,  and  the  dissolved  resin  recovered  by 
evaporating  it  to  dryness.  Acid  resins,  such  as  common  colophony,  may  be 
separated  from  the  neutral  fats  by  boiling  the  substance  with  a  strong  solu- 
tion of  sodium  bicarbonate  or  borax.  After  cooling,  the  aqueous  liquid  is 

*  Journ.  Soc.  Chem.  Ind.,  i.  p.  480. 

f  Phar.  Journ.  and  Trans.,  April,  1889,  p.  821,  and  Amer.  Journ.  of  Phar.,  1889,  p. 
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Separated  from  the  Oil    ami    the    n-in    precipitated    t'nmi    its  solution    in    the 

-••diiim  silt  i>\  addmg  hydrochloric  aokL 

lve-iu>  may  In-  separated  iVoin  tin-  e— eiitial  oil-  :md  camphor-  in  admix- 
ture with  which  they  so  frequently  ••.•cm-  by  distilling  in  a  current  "f -ham. 

Tin-  re-in-  -how  some  considerable  differences  \\  h«-n  examined  \>\  the  two 
methods  of  bromine  absorption  and  «saponifieat  ion  e. |iii\  almt ,  In-fore  referred 
to  under  the  fatty  oil-.  (Sec  p.  7"». )  Mills  and  Muter  *  ha\e  d«  t.  rmincd 
the  bromine  absorptions,  and  K.  .1.  Mills  |  the  proportions  of  potash  iieu- 
tralixed  by  various  re-in-.  The  following  table  glVttf  a  -nmmary  of  their 
re-nh-  : 


Kisn  dK  i: 

Roll  lu-utralized 
per  cent. 

Saponiflcatimi 

iM,uivalfiil. 

Bromine  absorp- 
tion. 

irobromlc 
acid  formed. 

Rosin  (refiiu-d)  .... 
Shellac 

18.1 

L':1,  o 

806.0 

"I"  7 

112.7 

.    .    . 

Shrllar    ^)leac-li(-d)     .    . 
|;   -,/oin        

18.2 
22  8 

806.9 

4.*; 

38.9 

Some. 

Ambpr  

16.1 

:M7  »; 

53.5 

Some. 

9  5 

:,s:,  ;, 

60.2 

Much. 

15.5 

:;«;i  1 

-  71.6 

Much 

Copal   
Opal  (reduced  to  f  by 

12.4 
12.9 

450.8 
433.4 

89.9 

s  i  :, 

Much. 
Much. 

Sandarach   

16.4 

340.6 

96.4 

Very  much. 

K  'iuri 

12  9 

-I:',:',  I 

K»s  •' 

Thus 

21  0 

:;io  »; 

Ids  r, 

Dammar 

5  2 

1068  1 

117  9 

Mud) 

Kl'-ijii 

8  3 

1697  9 

122  2 

Very  much 

Mastic                 .    . 

11  7 

478  6 

124  3 

Much 

The  chief  feature  attracting  attention  is  the  low  bromine-absorption 
figure  gotten  with  shellac.  Mills's  method  could  probably  be  used  to  ad- 
vantage for  the  analysis  of  varnishes  after  evajx  >rat  i  HL:  « >tV  the  volatile  solvent. 

Hirschsohn  J  has  elaborated  a  systematic  scheme  for  the  identification  of 
resins,  gum-resins,  and  balsams  analogous  to  the  schemes  for  plant  analysis, 
in  which  he  uses  a  succession  of  solvents  and  reagents.  It  i>  ton  lengthy  to 
be  given  here  in  detail.  The  constantly- widen  ing  use  of  rosin  oil  makes  the 
tests  for  its  presence  of  considerable  importance.  Rosin  oil  gives  a  character- 
istic violet  color,  with  anhydrous  stannic  chloride  or  bromide.  If  it  is 
mixed  with  fatty  oils,  A.  H.  Allen  points  out  that  the  test  may  still  be  suc- 
cessfully applied  by  distilling  the  mixture  and  applying  the  te-t  to  the  first 
fraction  which  passes  over. 

Demski  and  Morawski  §  recommend  the  use  of  acetone  for  the  detection 
and  rough  determination  of  rosin  oil  in  mineral  oils.  According  to  these 
chemists,  rosin  oils  are  miscible  with  acetone  in  all  proportions,  while 
mineral  oils  require  several  times  their  volume  of  acetone  to  effect  solution. 
The  test  is  applied  by  agitating  tiftv  cubic  centimetres  of  the  -ample  with 
twenty-five  cubic  centimetres  of  acetone.  If,  on  allowing  the  mixture  to 
stand,  it  separates  into  two  layers,  ten  cubic  centimetres  ..t'  the  upper  or 
acetonic  layer  should  be  removed  with  a  pipette  and  evaporated,  and  the 
residual  oil  weighed.  In  the  case  of  pure  American  or  Galician  lubricating 
oil  the  residue  will  weigh  about  two  grammes,  but  only  half  this  quantity 


*  Journ.  Soc  Chem.  Ind.,  iv.  p.  97. 
J  Watts 's  Diet,  of  Chem.,  viii.  p.  1743. 


f  Journ.  Soc.  Chem.  Ind.,  v.  221. 

j  Ding.  Poly  tech.  Journ.,  cclviii.  p.  82. 
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will  be  obtained  from  Wallachian  or  Caucasian  oil.  It  is  stated  that  mix- 
tures of  rosin  oil  with  the  lubricating  oils  from  American  and  Galician 
petroleum  are  permanently  soluble  in  half  their  volume  of  acetone,  if  the 
proportion  of  rosin  oil  exceeds  thirty-five  per  cent,  of  the  mixed  oil,  but 
that  complete  solution  is  not  effected  in  the  case  of  Wallachian  and  Caucasian 
oils  unless  the  rosin  oil  constitutes  at  least  fifty  per  cent,  of  the  mixture. 
Ragosine  cylinder  oil  requires  an  addition  of  rosin  oil  equal  to  fifty-three 
per  cent,  of  the  mixture  to  become  soluble  in  half  its  volume  of  acetone. 

3.  FOR  VARNISHES. — The  most  important  constituent  which  enters 
into  the  manufacture  of  varnishes  is  undoubtedly  the  linseed  or  other  drying 
oil.     Linseed  oil  (see  p.  147)  is  liable  to  be  adulterated  with  other  vege- 
table oils,  with  fish  oils,  with  mineral  and  rosin  oils,  and  with  rosin  itself. 
As  mineral  and  foreign  seed  oils  are  lighter  in  specific  gravity  than  linseed 
oil,  while  rosin  and  rosin  oil  are  much  heavier,  by  the  judicious  use  of  a 
suitable  mixture  of  mineral  and  rosin  oils  extensive  adulteration  can  be 
effected  without  alteration  of  the  density.     The  analysis  of  a  linseed  oil  sup- 
posed to  be  adulterated  would  be  made  according  to  the  scheme  given  be- 
fore (see  p.  79)  for  the  analysis  of  a  fatty  oil  containing  foreign  admixtures. 
A.  H.  Allen  gives  also  a  rather  elaborate  method,  which  he  states  is  better 
adapted  for  a  boiled  linseed  oil,  for  the  details  of  which  the  reader  is  re- 
ferred to  Allen's  "Commercial  Organic  Analysis/7  2d  ed.,  ii.  p.  125. 

4.  FOR   CAOUTCHOUC    AND   GUTTA-PERCHA. — The   adulterations  of 
caoutchouc  are  both  mineral,  or  inorganic,  and  organic  in  character.     A 
careful  incineration  of  a  given  specimen  in  a  porcelain  crucible  will  leave 
any  mineral  admixture,  as  ash.    Oxide  of  zinc,  gypsum,  and  such  admixtures 
are  thus  recognized.     To  determine  the  amount  of  sulphur,  the  specimen  is 
burned  in  a  current  of  oxygen,  the  gaseous  products  of  combustion  passed 
through  water  acidulated  with  nitric  acid,  so  that  the  sulphurous  acid  re- 
tained is  changed  into  sulphuric  acid,  which  is  then  determined  by  chloride 
of  barium  in  the  usual  way.    If  the  mass  contain  metallic  sulphide,  this  pro- 
cedure does  not  answer.     The  mass  must  be  deflagrated  in  a  crucible  with 
saltpetre  and  acid,  then  the  sulphur  determined  in  the  sulphate  of  potassium 
produced. 

V.  Bibliography  and  Statistics. 

BIBLIOGKAPHY. 

1862.— Die  Aetherische  Oele,  J.  Maier,  Stuttgart. 

1874. — Gums,  Kesins,  Oleo-resins,  etc.,  of  India,  M.  C.  Cooke,  London. 
1875. — Notice  sur  la  Fabrication  et  PEmploi  du  Caoutchouc,  L.  Ogier,  Paris. 
1877. — Die  Fabrikation  der  Aetherische  Oele,  Askinson,  Vienna. 

Perfumery  and  Kindred  Arts,  Christiani,  Philadelphia. 
1879.— The  Art  of  Perfumery,  S.  Piesse,  London. 

Pharmacographia,  Fliickiger  and  Hanbury,  2d  edition,  London. 

Die  Kautchuk  Industrie,  F.  Clouth,  Weimar. 

Die  Harze  und  ihre  Producte,  G.  Thenius,  Leipzig. 
1880. — Die  Fabrikation  des  Wachstuches,  R.  Esslinger,  Leipzig. 

Kautchuk  und  Gutta-percha,  R.  Hoflfer,  Leipzig. 
1883. — Die  Rohstoffe  des  Pflanzenreicb.es,  J.  Wiesner,  Leipzig. 

Die  Fabrikation  der  Lacke,  Firnisse,  etc.,  E.  Andres,  Vienna. 

Caoutchouc  and  Gutta-percha.  HofFer,  Philadelphia  and  London. 

Die  Fabrikation  der  Kaoutchuc  und  Gutta-percha  Waaren,  Heinzerling,  Braun- 
schweig. 

1884. — Handbuch  fur  Anstreicher  und  Lackirer,  L.  E.  Andes,  Leipzig. 
1885. — Die  Fabrikation  der  Siegel-  und  Flaschenlacke,  L.  E.  Andes,  Leipzig. 
1886. — Oils  and  Varnishes,  James  Cameron,  London. 
1888. — Pharmaceutische  Chemie,  Fliickiger,  2te  Auf.,  Berlin. 


AM)    81  \TI.-1  I  \\\ 

BH  \  1  1-  -  : 

No  attempt  will    l»e  mad.-  to  take  ii|>  tin-  e—  <-ntial   nil-   in   detail.      The 
Mati-ties  of  the  entire  «-la—  \\  ill  In-  irixvn,  and  only  -n«-li  -peeially  inijM.  riant 

ill  IM- 


snl»tanee>,  like  oil  of  t  iirpent  ine  and  eamphor,  will  IM-  -.  pantl-  -1\ 

/•^>nf!n/    nilx.  —  Tin-    importatii.n-  of  .—  mtial    ,,iU    a-    a    ela.—    into   the 
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l)uti:.l.|.'ill-.)  ........  -  --..'   l-'i 

Vnlu-1  at        ........  $14«.M  $16'. 

The  exportation-^  of  turpentine  -pirii  iVom  the  I   nited  States  during  the 

>ame  vear>  were  : 

uaa  ism.  ism. 

<;:.!]..  us   ..........     10,r,H.-),942  9,6*1  11  i'lH,920 

Valu.-«l  at  ........    $3,580,1O>  $3,777  $4,690,931 

The  British  importations  of  tiirjM-iitiin-  diirinu:  ivc.  ut  years  have  Ix  • 

1885.  UK  IM7.  Mft  IM,  18W. 

Cwt.  .    .    308,442        294,914        369,202        859,067        408,074        424,468 

Value  £387,986      £392,259      £472,"  K      f-'.  17,897      £«(J2,«i81      £644,886 

The  German  importations  of  turpentine  during  rcvent  year*  have  I, 

1885.  IM.  IMi  UK 

M.-triri-entnere.    .    .       98,ir,o        KH  sio        n;,..v.o        lo7,7W        133,110 
Valued  at  (marks).  4,908,000  >     6,010,000    6,252,000    6,922,000 

Camphor.  —  The  total  exportation-  of  camphor  fn»m  Japan  during  the 
last  five  years  have  been  : 

1885.  1886.  1887.  I—  r  IMl 

Kilos.    .    .    .  1,331,424        2,114,596        2,913.922        1,717,837        2,487,458 

The  quantities  imported  into  the  United  States  for  tlie  last  three  years 
have  been  : 

1888.  i*v».  ma 

PnuncN  ............  2,779,719  1,961,018  2,055,287 

Vulu.'clat     .........   $304,460  $287,383  $420,331 

Resins.  —  The  exportation  of  rosin  (colophony  resin)  from  the  United 
States  for  the  last  three  years  has  been  as  follow-  : 

1888.  1889.  1890. 

Barrels    ...........    1,492,814  1,420.218  1,601 

Valued  at   .........  $2,273,952  $2,rj«».  j-_-j  |S,76M86 

The  English  importations  of  rosin  for  1888,  1889,  and  1890  were:  for 

1888,  1,314,740  owt,  valued  at  £268,490;  for  188!>.  l,",.;:.-  li  cwt,  valued 

at  £295,451  ;  and  for  1890,  1,627,446  owt,  valued  at  t:i7«J,s  11. 

The  value  of  all  jjums  and  gum-ivsins  imported  into  tin-  United  States 
for  the  last  three  years  *a«:  1888,  $5,494,712;  1889,  $5,277,516;  1890, 

S.'i.iJliT.-JSO.      Of  these   resins,   the   ino-t    important  were  >hellae,  rutrh  (or 
eat.  •«  -lui),  and  gambier. 

The  Enjrlish   imj)ortations  of  these   re-in-  were  also  amonir  the  mo-t 
important   of   this  list.     Thev   were  as  follows  for  the  years  1887,  1888, 

1889,  and  1890: 

1887.  1888.  1889.                    IMi 
Lac  (seed,  shell,  stick,  and 

dye}  (rwt.)     .....     114,685  103,864  78.602             91,834 

Vaiu.-ilat  .......  6299,114'  B271,M6  £276,274  £889,538 

Cnteh  and  gambier  (touu)  .      27,258  186  n>7           -JT.ir. 

Valued  at  ......  £058,364  £704,731  £678,648  £717,820 
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Gutta-percha  and  Caoutchouc. — The  entire  world's  production  of  caout- 
chouc for  the  year  1865,  according  to  a  report  of  the  jury  of  the  Paris 
Exposition  of  1867,  was :  Brazil,  3773  tons ;  India,  2250  tons ;  Central 
America,  1125  tons,  and  Africa,  75  tons ;  or  a  total  of  7223  tons.  The  pro- 
duction had  grown  in  1882  to  the  following  figures:  Para,  Brazil,  11,020 
tons ;  Central  America,  3000  tons ;  Assam,  Java,  etc.,  2000  tons ;  Mozam- 
bique, 1000  tons ;  Borneo,  600  tons  ;  Madagascar,  250  tons ;  West  Coast  of 
Africa,  2500  tons;  or  a  total  of  20,370  tons,  valued  at  about  $35,000,000. 
(Heinzerling.) 

The  exportation  of  rubber  from  Brazil  in  1887  amounted  to  more  than 
fifteen  million  kilos.  The  largest  came  from  the  province  of  Para.  The 
production  of  Brazil  during  recent  years  is  stated  to  have  been  as  follows : 


1883-84 10,463,000  kilos. 

1884-85 11,885,000  kilos. 

1885-86 12,835,000  kilos. 

1886-87 13,395,000  kilos. 


1887-88 15,766,000  kilos. 

1888-89 15,500,000  kilos. 

1889-90 16,500,000  kilos. 


The  importations  and  exportations  of  crude  caoutchouc  and  gutta-percha 
for  the  chief  countries  of  the  world  were,  for  the  years  specified,  as  follows : 


Importations  in. 
met.  cent. 


United  States,  1882-83  . 
Great  Britain,  1883    .    . 
German  Customs   Union 
1883  

110,000 
148,000 

20,020 

France,  1883    
Austria-Hungary,  1882  . 

23,654 
4,000 

porimions  in 
met.  cent. 

Net  imports. 

8,000 
55,000 

102,000  m.  c. 
93,000  m.  c. 

1,320 
6,232 
100 

18,700  ra.  c. 
17,422  m.  c. 
•  3,900  m.  c. 
(Heinzerling.) 

The  United  States  importations  of  crude  caoutchouc  and  gutta-percha 
in  more  recent  years  have  been  as  follows  : 

1888.  1889.  1890. 

Pounds 36,639,401  32,418,563  33,842,374 

Valued  at $16,077,262  $12,387,427  $14,854,512 

The  English  importations  of  caoutchouc  and  gutta-percha  have  been  for 
recent  years  : 

1888.  1889.  1890. 

Caoutchouc  (cwt.)  .    .    .            218,171  236,274  264,009 

Valued  at £2,529,436  £2,612,704  £3,265,088 

Gutta-percha  (cwt.)  .    .    .          22,483  48,042  70,176 

Valued  at £181,660  £576,896  £798,296 

The  exportations  of  gutta-percha  from  Singapore  in  1879  amounted  to 
36,400  metric  centners;  in  1880,  32,500  metric  centners  ;  in  1881,  40,400 
metric  centners,  and  in  1882  to  42,400  metric  centners.  The  entire  amount 
which  comes  into  commerce  now  is  approximately  45,000  metric  centners 
annually,  worth  about  $3,250,000.  (Heinzerling.) 


RAW   MATERIALS. 


113 


CHAI'TKI!    IV. 


THE  CANE-SUGAR   INDUSTRY. 

I.  Raw  Materials. 

ALTHOUGH  sucrose,  or  (-.UK-— un.-ir.  is  |»n  — -nt  in  a  im-at  many  plant-,  it 
is  usually  accompanied  l>y  relatively  large  quantities  of  other  carl>oh\  -drates, 
such  as  glucose,  starch,  etc.,  so  that  its  extraction  on  a  commercial  .-ml 
practically  impossible.  In  order  to  extract  the  cane-sugar  advantageously, 
glucose,  invert  sugar,  and  other  dissolved  solids  must  not  be  present  in 
amount  relatively  large  as  compared  with  the  sucrose.  If  thi-  ratio  of 
sucrose  to  total  dissolved  solids,  called  the  "coefficient  <>f  purity,"  falls 
Mow  a  certain  percentage  (usually  put  at  sixty-live),  the  plant-juice  can- 
not be  economically  worked  for  the  extraction  of  crystalli/ed  cane— u^n-. 
At  the  present  time  the  sucrose  i-  extracted  from  four  different  sources,  and 
on  what  may  be  termed  a  commercial  scale  from  two  only. 

1.  THE  SUGAR-CANE. — The  sugar-cane  belongs  to  the  family  of  grasses, 
growing,  however,  to  an  exceptionally  large  size.  The  plant  is  known 
as  Stn'r/Kii'inn  (ttticindrum,  and  the  best  known  varieties  are  called  l>y  such 
names  as  Bourbon  cane,  Otaheite  purple  cane,  ribbon  cane,  crystalline  cane, 
and  Java  cane.  It  has  a  wide  range,  succeeding  in  alm<»t  all  tropical  and 
sub-tropical  countries,  and  requires  a  warm,  moist  climate,  developing  most 
luxuriantly  on  islands  and  sea-coasts  in  the  tropics.  It  is  the  richot  in 
sugar  of  all  the  plants  cultivated  for  this  purpose.  Under  ordinary  favor- 
able conditions  it  yields  about  ninety  per  cent,  of  juice,  which  contains 
eighteen  to  twenty  per  cent,  of  crystal li/able  cane-sugar.  The  following 
analyses  of  sugar-canes  from  several  source-  i  HUM  rate  its  composition  : 


Martinique. 
(Peligot.) 

Guadeloupe. 
(Dupuy.) 

Mauritius, 
(leery.) 

Martinique. 
(Popp.) 

MiddleEgypt. 
(Popp.) 

Upper  Effypt 
(Popp.) 

Water  .    . 
Sucrose  .    . 
Glucose     . 
Cellulose  . 
Salts  .    .    . 

72.1 
18.0 

f    9.9 

72.0 
17.8 

9.8 
0.4 

69.0 
20.0 

10.0 
0.7  to  1.2 

72.22 
17.80 
0.28 
9.30 
0.40 

72.15 
16.00 
2.30 
9.20 
0.85 

72.13 
18.10 
0.25 
9.10 

0.42 

100.00 

100.00 

99.7  to  100.2 

100.00 

100.00 

100.00 

The  most  successful  cultivation  of  the  sugar-cane  is  at  present  carried 
on  in  Cuba  and  other  West  Indian  island-,  although  largely  produced  in 
almost  all  tropical  countries. 

2.  SUGAR-BEET. — The  sugar-beet  is  a  source  of  sucrose  that,  while 
first  mentioned  as  long  ago  as  1747,  when  Marggraf  called  the  attention 
of  the  Berlin  Academy  of  Sciences  to  its  importance  as  a  sugar-yielding 
material,  has  only  in  the  last  few  decades  advanced  to  great  importance  and 
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taken  position  as  a  commercial  rival  of  the  sugar-cane  in  the  matter  of  pro- 
duction. It  has  been  greatly  improved  by  careful  selection  and  cultivation, 
and  its  richness  in  sugar  notably  increased.  Marggraf  could  only  extract 
6.2  per  cent,  of  sugar  from  the  white  and  4.5  per  cent,  from  the  red  beet ; 
it  has  now  been  brought  to  an  average  of  eleven  per  cent.,  and  in  excep- 
tional cases  has  been  found  to  contain  sixteen  per  cent.  Some  six  varieties 
are  now  cultivated  in  Germany,  where  the  beet-sugar  industry  has  reached 
its  highest  development :  the  white  Silesian,  the  Quedlinburg,  the  Siberian, 
the  French,  the  Imperial,  and  the  Electoral.  (The  beet  is  relatively  much 
more  complex  in  its  chemical  composition  than  the  sugar-cane,  and  the  ex- 
pressed juice  contains  a  number  of  organic  impurities  not  present  in  the 
juice  of  the  cane,  notably  of  the  class  of  nitrogenous  or  albuminoid  sub- 
stances. On  the  other  hand,  glucose,  or  invert  sugar,  Avhich  is  frequently 
present  in  the  cane,  is  practically  absent  in  the  juice  of  fresh  beets.)  The 
detailed  composition  of  the  sugar-beet  is  seen  from  the  accompanying 
scheme  of  Scheibler.*  At  the  same  time  the  three  accompanying  analyses 
by  K.  Hofmann  gives  the  composition  of  three  types  of  beets  :  those  poor  in 
sugar,  those  of  medium  richness,  and  those  containing  the  largest  percentage. 


First  type. 

Second  type. 

Third  type. 

Water  

8920 

83.20 

75.20 

Susrar 

4  00 

9.42 

15.00 

Nitrogenous  compounds   ...       .       

1.00 

1  64 

2.20 

Non-nitrogenous  j  soluble    .    .           

4.13 

3.34 

4.23 

compounds       \  insoluble  (cellulose)  

1.01 

1.50 

2.07 

Ash    

0.66 

0.90 

1.30 

100.00 

10000 

100.00 

3.  SORGHUM  PLANT. — The  sorghum  plant  (Sorghum  saccharatum  and 
other  species)  has  been  known  and  valued  in  China  for  ages,  and  small 
quantities  have  been  cultivated  in  the  United  States  for  the  sake  of  the 
syrup  for  a  number  of  years  past.     It  is  only  of  recent  years,  however, 
that  attention  has  been  drawn  to  it  as  a  source  of  crystallized  sugar,  chiefly 
by  the  experiments  of  the  United  States  Bureau  of  Agriculture,  and  its 
systematic  cultivation  has  been  attempted  in  several  parts  of  the  United 
States.     The  composition  and  saccharine  strength  of  the  juice  seems  to  be 
quite  variable,  and  dependent  upon  conditions  of  cultivation  to  a  much 
greater  extent  than  is  the  case  with  either  the  sugar-beet  or  the  sugar-cane. 
Thus,  in  1883  the  mean  per  cent,  of  sucrose  in  the  sorghum  juice,  analyzed 
by  the  chemists  of  the  department,  Avas  8.65,  in  1884  the  mean  was  14.70 
per  cent.,  in  1885  it  was  9.23,  and  in  1886  it  was  8.60  per  cent.     The 
sorghum  plant  grows  easily  over  a  very  wide  range  of  climate,  and  if  its 
cultivation  can  be  established  definitely  upon  correct  principles,  it  may  prove 
to  be  a  most  valuable  addition  to  the  world's  sugar-producing  materials. 

4.  THE    SUGAR-MAPLE. — The   sap  of  Acer  saccharinum  and   other 
species  of  the  genus  Acer  is  a  source  of  sugar  and  syrup  more  esteemed 
for  confectionery  and  table  use  than  because  of  its  commercial  importance. 
The  sugar  is  never  refined,  and  only  comes  into  use  as  a  raw,  small-grained 


Bericht  iiber  Entwick  Chem.  Ind.,  von  Hofmann,  1877,  3te  Heft,  p.  187. 
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sugar  of  peculiar  and  characteristic  flavor ;  the  syrup  is  a  thin,  sweet 
syrup  of  the  same  characteristic  maple  flavor,  differing  considerably,  too,  in 
its  composition  from  both  cane-  and  beet-sugar  syrups.  The  freshly-collected 
sap  contains  from  two  to  four  per  cent,  of  sucrose,  with  traces  of  glucose. 

We  may  now  compare  the  chemical  composition  of  the  freshly-expressed 
juice  from  the  three  sources  of  sugar  manufacture  above  described,  and  note 
those  differences  which  are  of  importance  in  determining  the  successful  ex- 
traction and  crystallization  of  the  cane-sugar. 

The  composition  of  the  fresh  juice  of  the  sugar-cane  is  illustrated  in  the 
following  table.  The  first  four  analyses  are  by  the  United  States  Bureau  of 
Agriculture  and  were  made  in  connection  with  its  experimental  work,  and  the 
last  six  from  experimental  cultivation  of  certain  varieties  of  cane  in  Cuba 
on  the  Soledad  estate  of  Mr.  E.  Atkins. 


LOUISIANA. 

CUBA. 

1884. 

1885. 

1886. 

1887. 

Crystalline 
cane. 

Red  ribbon 
cane. 

Black  Java 
cane. 

Specific  gravity  . 
Total  solids  .  .  . 
Sucrose  

1.068 
16.54 
13.05 
0.67 

0.19 
78.97 

ib'.SQ 
12.11 
1.02 

0.16 
76.64 

1.066 
16.20 
13.50 
0.61 

0.167 
83.33 

1.066 
16.37 
13.69 
0.77 

83.48 

11.6°  B. 
20.9 
19.2 
0.66 
Non- 
sugar. 
1.04 

91.8 

12.5°  B. 
22.6 
20.5 
0.20 
Non- 
sugar. 
1.90 

907 

11  2°  B. 
20.2 
18.5 
0.14 
Non- 
sugar. 
1.56 

91.5 

12.1°  B. 
21.9 
20.0 
0.31 
Non- 
sugar. 
1.69 

91.3 

12.2°  B. 
22.0 
21.3 
Trace. 
Non- 
sugar. 
0.70 

96.8 

11.8°  B. 
21.4 
20.6 
0.08 
Non- 
sugar. 
071 

96.3 

Glucose  

Albuminoids  .  . 
Coefficient        of 
purity  

The  average  composition  of  the  fresh  beet  juice  is  shown  in  the  follow- 
ing analyses,  the  method  of  obtaining  the  juice  being  also  indicated.  The 
first  four  are  from  "  Stammer's  Lehrbuch,"  and  represent  each  the  average 
of  a  German  beet-sugar  factory  for  the  season  ;  the  fifth  is  from  beets  culti- 
vated at  Washington,  D.  C.,  by  the  Bureau  of  Agriculture ;  the  sixth  the 
average  of  a  week's  work  at  Alvarado,  California,  in  1888,  and  the  last 
from  a  beet  grown  at  Grand  Island,  Nebraska,  and  analyzed  at  the  State 
Agricultural  Experiment  Station. 


German. 
By  press- 
ure. 

German. 
By  diffu- 
sion. 

German. 
By    cen- 
trifugat- 
ing. 

German. 
By    ma- 
ceration. 

Washing- 
ton. 
By  press- 
ure. 

Alvarado. 
Cal.* 
By    diffu- 
sion. 

Grand 
Island,  Neb.f 
H.  H.  Nichol- 
son. 

Total  solids   (degree 
Brix.)     

1627 

1720 

14  99 

1877 

11.78 

17  20 

23  70 

Sucrose 

1302 

14  63 

11  98 

14  64 

7  61 

14  80 

21  41 

Reducing  sugar    .    . 

0.39 

0  138 

Non-sugar     .... 
Coefficient  of  purity 

3.25 
80.02 

2.57 
85.14 

3.01 
79.92 

4.13 
77.99 

3.78 
64.60 

2.4 

85.5 

2.152 
90.3 

The  composition  of  the  sorghum  juice  of  different  seasons,  as  cultivated 
by  the  United  States  Department  of  Agriculture,  is  shown  in  the  following 
table: 

*  Many  beets  grown  near  Alvarado  in  the  fall  of  1888  polarized  twenty  per  cent.,  and 
the  average  coefficient  of  purity  for  the  season  was  estimated  to  be  froni  eighty-five  to 
eighty-seven  per  cent. 

f  Individual  beets  grown  in  Nebraska  have  shown  a  percentage  of  22.08  sucrose,  and 
a  coefficient  of  purity  of  ninety-three  per  cent. 
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LM 

tHi 

MB, 

UM 

ta 

87. 

K.,n  lOOtt 

Rio  Grande. 

Total  solids    

18.59 

19.75 

16.07 

17.08 

16.14 

14.02 

8.65 

14.70 

'.i  I':; 

-.»  .Y.I 

9.54 

898 

Glucose  
NoM-.Miirur     

4.08 
0.86 
58.68 

i  n 

8.78 

7-1.4:; 

8.04 
61.26 

4.26 
66.10 

8.40 
8.20 
69.11 

8.24 
1.80 
64.06 

Analyses  of  fresh  maple-sap  made  at  Lumnburg,  Vermont,  by  one  of 
the  chemists  of  the  Department  of  Agriculture,  in  tin-  >j>  ring  of  1885,  shows 
that  it  contains  an  average  of  3.50  per  cent  of  sucrose,  traces  only  of  glu- 
cose, about  .01  percent,  of  album  i  IK  >ids,  and  has  a  mean  coeflieient  of  puritv 
of  95. 

n.  Processes  of  Treatment. 

1.  PRODUCTION  OF  SUGAR  FIIOM  TIM-:  Si  <,  \i;-<  \M..— A-  tin- mltiva- 
tion  of  the  sugar-cane  is  chiefly  carried  on  in  the  tropical  countries,  parts 
of  which  arc  dependent  upon  totally  unskilled  labor,  there  is  very  great 
diversity  in  the  development  which  the  industry  has  reached.  In  some 
countries  the  work  is  still  done  by  hand  or  with  the  simplest  kind  of  ma- 
chinery, with  corresponding  small  yield  of  inferior  products,  while,  in 
others,  as  in  Louisiana,  I  >eiuerara,  Culm  and  other  AVest  Indian  islands, 
there  are  many  sn^ar  plantations  equipped  with  the  very  latest  and  best  of 
HI uar-niakini:  machinery,  and  producing  direct  from  the  juice  raw  sugars 
that  are  almost  equal  to  the  refine*  1  product.  In  general,  however,  the 
sugars  produced  on  the  plantation  arc  not  in  a  sufficiently  pure  condition  for 
consumption  and  arc  termed  "raw  sugars,"  having  therefore  to  undergo  a 
process  of  refining,  by  which  the  impurities  are  eliminated  and  the  sucrose 
obtained  in  a  pure,  well-cry stalli/ed  Mate.  \Ve  shall  note  !ii>t  the  method 
of  producing  raw  sugar,  and  afterwards  the  methods  of  refining  the  same  at 
present  in  use. 

The  canes  must  be  cut  when  they  have  arrived  at  maturity,  and  must  be 
promptly  used  to  prevent  the  fermentation  of  the  albuminoid  ••••n-titii'-nt- 
and  other  non-sugar  of  the  cane,  which  in  turn  rapidly  change  sucrose  into 
invert  sugar  and  lessens  the  possible  yield  of  erystalli/abl'-  sujrar.  At  lea-t 
this  immediate  use  of  the  cut  cane  is  necessary  in  Cuba,  Demerara,  and  dis- 
tinctly tropical  countries,  where  the  juices  must  be  expn—  «•<!  within  forty- 
eight  hours  after  the  cutting  to  prevent  an  excessive  inversion  taking  place. 
In  Louisiana,  the  experiments  of  the  Department  of  Agriculture  have 
shown  *  that  sound  canes  can  be  kept  stored  under  cover  for  two  or  three 
months  without  appreciable  diminution  in  the  sucrose  per  cent,  or  loss  in 
the  coefficient  of  purity. 

The  expression  of  the  juice  has  been,  and  in  most  cases  still  continues 
to  be,  effected  by  the  process  of  crushing  the  cane-  between  heavy  rolls, 
which  may  vary  from  the  crude  stone  or  iron  rolls,  driven  by  water  or 
horse-power,  to  the  perfected  sugar-mills  now  in  use,  in  which  enormous, 
hollow,  steam-heated  rolls,  driven  by  steam,  are  used  to  do  the  same  work. 


*  Bulletin  No.  6,  p.  67. 
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Large,  slow-moving  rolls  have  been  found  in  practice  to  yield  better  results 
than  smaller,  rapid-maving  rolls.  While  four,  five,  and  even  nine-roll 
mills  have  been  constructed,  the  mill  in  general  use  is  a  three-roll  mill,  an 
example  of  which  is  shown  in  Fig.  39.  The  canes  pass  by  the  carrier,  down 
the  slide,  through  the  rolls,  and  the  "  bagasse"  (exhausted  canes)  emerging 
below  is  carried  away  for  fuel  purposes,  while  the  juice  as  expressed  collects 
in  a  receptacle  and  is  run  to  the  evaporators. 

While  the  analyses  of  sugar-canes,  given  on  a  previous  page,  show  that 
the  cane  contains  ninety  per  cent,  of  juice,  the  percentage  of  extraction  of 
juice  by  this  roller-crushing  process  on  the  best-managed  Cuban  estates 
does  not  exceed  seventy  or  seventy-one,  and  generally  ranges  from  sixty 
to  sixty-five,  per  cent.  This  imperfect  liberation  of  the  cane  juice  by  the 
crushing  process  has  led  to  experiments  in  other  directions.  One  result  has 
been  the  frequent  introduction  of  a  second  or  supplementary  crushing  of 
the  cane  in  a  two-roll  mill  following  the  use  of  the  three-roll  mill  before 

FIG.  39. 


described.  These  second  rolls  are  heavier,  and  the  pressure  is  greater  than 
in  the  first  crushing.  The  total  percentage  of  juice,  and  consequently  of 
sugar  extracted  from  the  cane,  is  raised,  although  the  juice  from  the  second 
and  heavier  pressure  is  less  rich  in  sucrose  than  the  first  juice,  which  came 
from  the  softer  pulp  of  the  cane.  Another  result  has  been  the  invention 
of  machines  for  effecting  a  more  thorough  mechanical  disintegration  of  the 
cane-tissue.  A  preliminary  shredding  by  means  of  a  "  defibrator"  is  one 
of  the  means  which  seems  to  have  been  of  advantage.  A  cane-shredder, 
such  as  was  used  on  the  Magnolia  plantation,  Louisiana,  by  the  Department 
of  Agriculture  in  its  recent  experiments,  is  shown  in  Fig.  40.  The  two 
cylinders,  the  teeth  of  which  are  shown  in  the  cut,  revolve  in  opposite 
directions  and  at  different  rates  of  speed.  The  cylinder  on  the  right  turns 
at  one  hundred  and  thirty-eight  revolutions  per  minute,  and  the  one  on  the 
left  at  three  hundred.  The  canes  falling  into  the  hopper  from  the  carrier 
are  caught  by  the  teeth  of  the  cylinders  and  crushed  and  torn  into  a  pulp. 
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I-Yoin   tin-   bottom  of  tin-  apparatu-    tin-    pulp    fall-  upon  t  h,-  carrier,  which 
convey-  it  to  tin-  rolls.      In    thi>   Mate  of  pulp  a  more  even  diMril.ntion 

the 


tin-  material  i~  -ecmvo!,  and  tin-  uni-Un-  of  the  mill  i-  theivl.y  made  nmiv 
uniform  and  eil'cct  i  ve.  With  thi-  improvement  in  tin-  preparation  of  tin- 
cam--  ii.r  the  mils  the  pcn-rnt;!-,.  of  extraction  i.  incna-<  d.  The  total  crop 
on  the  Magnolia  plantation  fur  the  season  ISSIJ-S7,  uher,  :,  -hr«-dd«  r.  a 
thive-roll  mill,  and  a  -iijtpleincntary  two-roll  mill  \\eiv  u-ed,  >|»O\NM!  an 
average  extraction  of  juice  amounting  to  78.17  p.-r  cent,  a  vary  material 
improvement  upon  ordinarv  roults. 

It  has  aUo  l,ren    ^Mi-ht  to  ineiva-e  the  yield  of  -aechai-ine  juice  |,y  >ul»- 
mitting  the  cane  to  the  action  of  lint  wafer  or  steam  at  an  intennedkte  itage 

Fio.  40. 


between  the  two  crushings.  It  is  stated  that  a  "maeeiation"  process  of 
this  kind,  known  as  Duchassinjr's,  has  Ix-en  in  (juite  su<vt»ful  us*-  in  (Jua- 
deloupe,  raising  the  yield  of  sugar  from  9.40  per  cent,  on  the  cane  to  11.04 
per  cent. 

All  the  processes  hitherto  described  for  <  \tra«  tinn  the  juice  from  the 
cane  have  depended  for  success  upon  the  rupture  of  the  juice-containing 
cells.  "Diffusion/'  which  has  been  so  successful  in  the  extraction  of  the 
juice  of  the  sugar-beet,  differs  from  them  essentially  in  dispen-inir  with 
the  breaking  up  of  the  cells,  and  in  substituting  therefor  a  displacement  by 
osmosis  or  diffusion  of  the  saccharine  juice  by  pure  water.  As  a  descrip- 
tion of  this  method  follows  when  speaking  later  of  the  treatment  of  the 
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sugar-beet,  we  will  at  this  stage  speak  only  of  the  advantages  and  disad- 
vantages of  its  application  to  the  sugar-cane  work.  It  has  not  met  at  all 
with  general  favor  from  sugar-cane  planters.  Difficulties  were  met  with  in 
cutting  the  chips  needed  for  the  diffusion-cells.  The  sugar-cane  differs  so 
radically  in  its  structure  from  the  sugar-beet  that  totally  different  forms  of 
slicing  apparatus  had  to  be  used.  The  cane-chips  tended  to  pack  in  the  cells, 
and  so  impeded  the  circulation  of  the  warm  water.  When  this  took  place, 
fermentation  and  inversion  of  the  sucrose  rapidly  followed.  The  cane-chips, 
after  exhaustion,  do  not  make  as  good  a  fuel  as  the  bagasse  of  the  cane-mill. 
The  first  of  these  difficulties  has  been  overcome  both  in  the  use  of  diffusion 
apparatus  in  Guadeloupe  and  by  the  United  States  Department  of  Agricul- 
ture in  its  experiments  on  diffusion,  as  applied  to  the  sugar-cane  made  at 
Fort  Scott,  Kansas,  in  1886.  The  second  difficulty  has  in  part  been  over- 
come by  using  hotter  diffusion  water  (at  90°  C.),  and  working  more  rapidly 
with  a  sufficient  pressure.  But  it  is  more  effectually  prevented  by  the  use, 
in  the  diffusion-cells,  of  either  carbonate  of  lime,  as  proposed  and  patented 
by  Professor  M.  Swenson,  or  of  dry-slacked  lime,  as  proposed  by  Professor 
H.  W.  Wiley,  the  chemist  of  the  Department  of  Agriculture.  Of  these, 
the  latter  seems  to  meet  with  more  general  approval  of  those  who  have  tried 
diffusion  with  either  the  sugar-cane  or  the  sorghum-cane.  In  answer  to 
the  third  difficulty,  it  is  remarked  that  the  bagasse  burns  better  largely  be- 
cause of  the  notable  quantity  of  sugar  left  in  it,  and  that  when  the  diffusion- 
chips  are  dried  they  will  burn  fairly.  They  can  also  be  used  to  great  ad- 
vantage for  paper  stock  and  for  manure,  as  they  still  contain  most  of  the 
nitrogenous  constituents  of  the  cane.  On  the  other  hand,  if  successfully 
carried  out,  it  undoubtedly  effects  a  more  complete  extraction  of  the  sugar 
than  any  other  process.  At  Monrepos,  Guadeloupe,  with  Bouscaren's  ap- 
paratus, consisting  of  six  diffusors,  juice  having  a  density  nearly  equal  to 
that  of  the  natural  juice  is  obtained,  one  and  a  half  hours  being  sufficient 
for  extracting  the  sugar.  The  yield  of  white  sugar  amounts  to  twelve  and  a 
half  to  thirteen  per  cent,  of  the  weight  of  the  cane.*  At  Fort  Scott,  Kansas, 
the  chemists  of  the  Department  of  Agriculture,  f  in  their  experiments  with 
diffusion  as  applied  to  sugar-canes,  succeeded  in  obtaining  a  yield  the  highest 
ever  got  from  sugar-cane.  The  mean  loss  of  sugar  in  the  chips  at  Fort 
Scott  was  .38  per  cent.,  and  the  quantity  of  sugar  present  was  9.56.  The 
percentage  of  extraction  was,  therefore,  ninety-six  per  cent.,  or,  reckoned  on 
the  weight  of  cane,  86.4  per  cent,  of  a  possible  ninety,  which,  if  compared 
with  the  best  figures  obtained  in  mill-crushing,  shows  a  decided  advantage 
for  diffusion. 

The  treatment  of  the  expressed  juice  is  next  to  be  noted.  This  has  also 
undergone  considerable  improvement  in  recent  years,  although  on  small 
isolated  sugar  plantations  the  primitive  and  wasteful  methods  of  the  "cop- 
per-wall/7 or  open-pan,  boiling  are  still  in  use.  The  general  outlines  of  the 
treatment  of  the  juice  which  is  followed  in  the  main,  if  not  always  in  detail, 
is  given  in  the  accompanying  scheme* 

The  juice  of  the  sugar-cane  must  be  properly  "defecated,"  or  treated 
with  milk  of  lime,  in  order  to  neutralize  the  organic  acids  of  the  juice,  and 
so  prevent  their  starting  a  fermentation  and  consequent  inversion  of  the 
sucrose  when  the  juice  is  heated.  This  has  the  effect,  as  soon  as  the  juice 
is  heated,  of  bringing  to  the  surface  a  thick  scum  of  lime  salts,  holding 

*  Spon's  Encyclopedia,  p.  1881.  f  Bulletin  No.  14,  p.  53. 
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mechanically  entangled  much  of  the  albuminoids  and  suspended  particles  of 
fibre  of  the  juice.  This  is  known  as  the  "  blanket-scum."  This  is  removed 
by  skimming,  and  the  boiling  continued,  when  additional  greenish  scum 
forms,  which  is  similarly  removed.  When  the  scum  ceases  to  form,  the 
steam  is  shut  off  and  the  sediment  allowed  to  settle,  and  the  clarified  juice 
gradually  drawn  off.  The  amount  of  lime  to  be  added  in  the  case  of  cane 
juice  is  usually  .2  to  .3  per  cent,  or  about  four  ounces  of  quicklime  to  the 
gallon  of  juice,  but  is  always  carefully  controlled,  so  that  the  acids  of  the 
juice  are  not  entirely  neutralized  and  a  faint  acid  reaction  still  remains. 
Should  the  lime  be  in  excess,  the  glucose  almost  always  present  in  the  cane 
juice  is  rapidly  acted  upon  and  decomposed,  yielding  dark-colored  products. 
An  excess  of  lime  is  always  corrected  before  further  treatment  by  the  addi- 
tion of  sulphurous,  sulphuric,  or  phosphoric  acids.  In  the  older  process  of 
open-pan  boiling,  this  defecating  and  clarifying  takes  place  in  the  first  of 
five  connected  kettles  or  pans,  walled  in  and  heated  by  the  same  fire,  and 
known  technically  as  the  "  copper-wall."  From  this  first  pan  the  juice,  after 
the  removal  of  the  blanket-scum,  goes  to  the  second,  in  which  it  receives 
more  heat.  After  it  is  thoroughly  clarified  and  both  scum  and  sediment 
removed,  the  juice  goes  to  the  third  and  fourth  pans  successively,  in  which 
it  is  concentrated  to  30°  B.,  and  then  goes  to  the  fifth,  or  "  strike-pan,"  to 
be  brought  to  the  crystallizing  point.  It  may  still  require  some  treatment 
here,  as  it  first  becomes  thick.  If  "  sticky"  or  sour,  some  buckets  of  lime- 
water  are  let  in,  or  if  too  dark-colored,  dilute  sulphuric  acid  is  added  to 
clear  it.  When  the  "  masse-cuite,"  or  thick  mass,  full  of  separating  crys- 
tals, has  been  sufficiently  heated,  it  is  "  struck  out"  into  large,  shallow,  crys- 
tallizing vessels  and  allowed  to  cool,  and  so  complete  the  crystallization. 
The  older  open-pan  sugars  are  generally  "cured,"  or  freed  from  syrup, 
simply  by  draining  in  vessels  with  perforated  bottoms,  or,  in  a  limited 
number  of  cases,  by  the  process  of  "claying,"  or  covering  the  sugar  in 
cones  with  a  batter  of  clay  and  water,  through  which  water  percolates, 
slowly  displacing  the  darker '  syrup.  The  first  method  gives  the  common 
"  muscovado"  sugar,  a  moist,  brown  sugar,  which  goes  from  the  West  Indies 
to  the  United  States  and  Europe  for  refining ;  the  second  method  gives  a 
lighter-colored  but  soft-grained  sugar,  which  similarly  must  be  refined  for 
use.  This  older  and  cruder  method  has  given  place  most  generally  now  to 
improved  methods,  whereby  the  yield  is  notably  increased  and  grades  of 
raw  sugars  are  produced  that  are  much  purer  and  finer  in  appearance.  The 
chief  improvements  consist  in  the  use  of  vacuum-pans  for  concentration  of 
the  juice  and  centrifugals  for  curing  the  crystallized  sugar.  At  the  same 
time  other  minor  improvements  contribute  no  little  to  the  better  results. 
The  juice,  unless  it  has  been  gotten  by  diffusion,  is  generally  run  through  a 
strainer  into  the  clarifier.  In  addition  to  very  careful  and  exact  measuring 
of  the  amount  of  "  temper-lime"  needed,  sulphurous  acid  or  sulphites  are 
often  used  now  to  bleach  the  juice.  In  case  sulphurous  acid  is  used, 
more  lime  is  needed  for  tempering.  The  thin  clarified  juice  is  then  filtered 
through  bone-black  filters  before  it  goes  to  the  vacuum-pan.  This  filtra- 
tion removes  the  vegetable  coloring  matters  as  well  as  the  finely  suspended 
impurities  that  remain. 

The  use  of  powdered  lignite  as  a  means  of  clarifying  and  improving  the 
raw-sugar  juices,  first  introduced  by  Kleeman,  has  been  tried  in  recent  years, 
and,  it  is  claimed,  with  success  and  profit.  It  is  added  after  the  juice  has 
been  limed  and  defecated,  and  the  juice,  together  with  the  accumulated 
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skimmings  and  lottum-  and  tin-  li^nitr,  aiv  tln»ruii_iilily  mixi-d  and  tlu-n  im- 
mediately liltrr-|m->«-i|.  A  «-lt-ar,  hri^'lit  juice  i>  ilm-  ..htainrd,  wliicli  needs 
or  l)(»nc-l)lack  lilti'atimi,  hut  can  \><  a!  QO06  OODOeOtnted,  and 


the  press-cakes,  after  washini:,  make  excellent  fertilizer  material.  Lignite 
filtration  has  also  been  tried  in  the  clarifying  of  molasses,  but  with  little 
success  as  far  as  cane-sugar  nmlassrs  is  c«  .nc-ernexl. 
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The  most  important  improvement  in  the  preparing  of  a  better-grade 
sugar,  however,  consists  in  the  use  of  the  vacuum-pan,  by  means  of  which 
the  concentration  can  be  effected  with  the  least  heating,  and  hence  least 
discoloring  of  the  sugar-containing  juice.  The  vacuum-pan,  invented  in 
1813  in  England  by  Howard,  allows  of  the  concentration,  or  "boiling  to 
grain/'  being  effected  at  temperatures  varying  from  130°  to  170°  or  180°  F., 
instead  of  the  240°  or  250°  F.  reached  in  the  open-pan.  They  are  of  vary- 
ing forms,  but  consist  essentially  of  a  spherical,  cylindrical,  or  dome-shaped 
copper  or  iron  vessel,  such  as  is  shown  in  Fig.  41.  The  contents  of  this 
vessel  are  heated  by  the  steam-coils  shown  in  the  cut,  and  the  vacuum  is 
maintained  by  the  connection  with  an  injector  air-pump,  as  shown.  The 
vacuum-pan  is  connected  first  with  an  overflow  vessel,  or  "  save-all,"  to 

FIG.  42. 


collect  saccharine  juice  thrown  over,  and  thence  with  the  exhaust-pump. 
Through  suitable  openings  in  the  side  of  the  pan  the  interior  can  be  illu- 
minated and  the  operations  watched ;  samples  can  be  withdrawn  by  the  aid 
of  the  "  proof-stick"  for  examination,  and  fresh  juice  can  be  admitted  when 
the  grain  is  to  be  built  up. 

In  concentrating  the  raw  juice,  considerable  use  is  made  of  what  are 
called  "  triple  effect"  vacuum-pans,  a  series  of  three  connected  pans,  in  the 
first  of  which  the  thin  juice  boils  under  a  slightly-reduced  pressure  and,  of 
course,  at  a  slightly  lower  temperature  than  in  the  air ;  the  vapor  from  the 
boiling  juice  here  passes  into  the  steam-drum  of  the  second  pan,  and 
readily  boils  the  liquor  here,  which,  though  denser,  is  under  a  greater 
vacuum,  and  similarly  the  vapor  from  this  liquor  boils  the  most  concen- 
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t  rated  juice  in  the  third  pan,  in  which,  by  the  aid  of  th.-  «-onden-ing-pnmp, 
a  very  perfect  vacuum  i-  maintained.  Tim-  lanje  oiiantitie-  of  juiiv  are 
evaporated'with  ^n-at  economy  of  t'uel.  "  |)oiib|e  .-H'ei-i-"  are  al-o  n-.-d  in 
the  same  way.  The-e  triple  etl'eet-  have  been  much  improved  in  the  la-t 
few  \ear-  by  the  modification-  introduced  bv  Yar\an  ami  hillie,  Ixith  of 
whom  ado|)t  the  plan  of  -ending  the  sugar  juice  to  IN-  concent  rat»-d  throii-jh 
the  series  of  coils  while  the  -team  circulate-  around  the-e  till*  -  \  -.  n« -ral 
view  of  a  Yarxan  <|iiadrnple  etl'eet  i-  given  in  l-'i-j.  !'_',  in  which  the  com- 
jiaet  arrangement  of  the  evaporator-  i-  well  -houii,  while  the  action  of 

the  Yaryan  apparatn-  will  be  under-t 1    from    \-  ving  a  -impl 

^ection   through  one  of  the   pan-  and 

"catch-alls."    The  heating-tubes,  sur-  Fio.  43. 

rounded  bv  steam,  arc  divided  into 
units  or  sections,  consisting  of  five 
tubes  coupled  at  the  < -ml-  -«.  a-  to 
form  one  pa—  a^c.  <  M'  -uch  sections 
there  may  be  any  number.  The 
liquor  enters  the  first  tube  of  the  coil 
in  a  small  but  continuous  stream,  and 
immediately  begin-  to  boil  violently. 
It  is  thus  formed  into  a  mass  of 
foam,  which  contain-,  a-  it  rushes 
along  the  heated  tubes,  a  eon-taut  lv- 
increasing  portion  of  -team.  The 
mixture  is  thus  propelled  forward  at 

a  high  velocity,  and  finally  escapes  into  an  end  chamber  known  as  a  "sep- 
arator," which  is  provided  with  hanMe-plat- 

The  "  ma— e-cnite"  having  been  brought  to  sufficient  thickness,  the  whole 
or  a  part  of  the  contents  of  the  pan  arc  "struck  off."      If  half  the  content- 

of  the  pan  are  discharged  and  fn-h  -vrup  then  admitted  t«»  be  concentrated, 
the  crystals  obtained  at  first  grow  by  the  deposit  from  the  new  portion  of 
syrup.  This  process  of  admit  t  inn  -nee.— ive  portions  of  fresh  syrup  after 
the  "  grain"  ha-  once  formed  i-  u-ed  in  the  development  of  lame  ery-tal-. 
It  must  be  used  with  judgment  though,  or  the  new  svrnp  -tart-  a  new  set 
of  minute  ery-tal-,  making  what  is  called  ••  fal-e  grain."  The  large  yellow 
Demerara  ery-tal-  are  given  the  light  yellow  bloom  by  admitting  sulphuric 
acid  in  small  amount  after  the  grain  is  complete  and  just  before  the  ••  -trike.'* 
It  destroys  the  gray -green  color  of  the  raw-sugar  cry-taU  and  give-  in-tead 
a  pale  straw  color. 

After  the  ••  masse-ouite"  has  left  the  pan,  the  cry.-talli/.ation,  except  in 
the  case  of  the  large  crystals,  is  completed  by  cooling,  and  the  sugar  mu-t 
then  be  "cured."  Thi-  is  now  generally  etl'eet ed  in  cent ri fngaU  or  rotary 
perforated  drum-.  A  form  in  common  use  for  sugar- work  i-  -ho\\n  i: 
44.  Over  each  centrifugal  is  a  discharge- pipe  from  the  coolers;  the  brown 
or  yellow  magma  is  let  in,  the  inner  drum  i-  -tarted  revolving,  and  the 
heaping  against  the  perforated  sides  btvomes  rapidly  lighter  in  color 


as  well  as  more  compact  ;  the  syrup  Hies  off,  and  from  the  space  between 
the  inner  and  outer  <lrum-  run- otV  below  into  the  proper  receptacle.  The 
centrifugal  is  emptied  through  the  bottom  of  the  drum-  by  raising  the  cen- 
tral spindle  and  with  it  the  detachable  plates  around  it,  so  that  a  circular 
opening  is  made  in  the  middle  of  the  apparatus. 

A  serious  loss  of  sugar  in  the  usual  method  of  working  is  in  the  scums, 
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which  are  frequently  thrown  away.  Professor  Wiley,  the  chemist  of  the 
Department  of  Agriculture,  has  shown  *  that  in  working  a  crop  of  9063 
tons  of  cane  the  loss  of  sugar  in  the  scums,  if  thrown  away,  would  have 

amounted  to  120,316 

FIG.  44.  pounds,  of  which  94,- 

545  pounds  would 
have  gone  in  the 
blanket-scums,  and 
25,771  pounds  in  the 
subsequent  scums.  To 
save  this  sugar,  the 
scums  are  steamed  and 
then  pressed  and 
washed  in  a  filter- 
press  (see  p.  137), 
whereby,  practically, 
the  whole  of  the  sugar 
can  be  recovered.  The 
scums  are  generally 
filter-pressed  now  in 
the  best  Cuban  and 
Louisiana  sugar- 
houses,  although  a 
cruder  method  of 
pressing  them  in  bags 
is  used  on  some  plan- 
tations. The  applica- 
tion to  cane  juice  of 
the  method  so  gener- 
ally followed  in  the 
case  of  beet-sugar  of 
adding  an  excess  of 
lime,  which,  after  the 
the  first  boiling  up,  is 
removed  by  the  pro- 
cess of  carbonatation 
or  saturating  with  car- 
bonic acid  gas,  has 
generally  been  consid- 
ered to  be  impossible, 
because,  as  was  stated 
before,  an  excess  of 
lime  acts  injuriously 

upon  any  glucose  present  and  darkens  the  juice.  But  if  the  juice  is  from 
sound  canes  in  which  the  glucose  percentage  is  not  large,  the  advantages  of 
the  carbonatation  process  may  exceed  the  injurious  effects.  This  seems  to 
have  been  shown  by  the  experiments  of  the  Department  of  Agriculture  at 
Fort  Scott,  Kansas,  in  the  fall  of  1886.f  The  yield  of  sugar  in  the  ex- 
periments in  which  both  diffusion  and  carbonatation  were  followed  was,  as 
mentioned  before,  larger  than  had  ever  been  gotten  from  sugar-canes. 


*  Bulletin  of  Department  of  Agriculture,  No.  5,  p.  59.     f  Ibid.,  No.  14,  pp.  52  and  53. 
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Professor  Wiley  sums  ii|>  the  advantages  ,,f  the  process  88  follows :  "  The 
process  of  carbonatation  tend-  in  increase  tip-  \  ield  of  -uirar  in  tin-'-,-  ways  : 
(1)  It  (limini>li(-  the  anniunt  of  -jlii. -,,-,.  Thi-  diminution  i-  -mall  when 
the  cold  carhonatation,  ifl  pra  •!  i-e<|  al  Fort  BoOtt  i-  u-ed  ;  y.-t  to  at  1,-aM 
nn«-  and  a  hall'  it-  extent  ii  increase's  tin-  yield  ,,f  cr\Malli/ed  sugar,  (li) 

By  the  careful  use  of  the  proce—  ..I'  earl atatidi  then-  i-  -caivel\    any   loss 

of  BOgar.  The  only  place  win-re  there  .-an  !><•  any  ln<s  at  all  i-  in  th<-  press- 
cakr-,  and  when  the  de-uerat  i«>n  «,f  the-e  i-  pn>pri-|v  att»-ndrd  t«»  the  t-.tal  !••>> 
i<  trilling.  'The  \\a-tetnl  pnK-es-  <»!'  -UininiiiiL:  i-  entirely  alu.li-liMl.  and  the 
increased  yield  is  due  to  im  mean  extent  t<>  thi>  truly  e«-uiiomieal  priM-n-din-j. 
(•"»)  In  addition  to  the  t\\<>  eaii-e-.  <•!'  increase  already  n«.ted  and  which  are 
not  snllicieiit  to  prodooB  the  large  rendement  obteinecL  mu-t  IM-  iin-nti<in>-d 
a  third,  the  action  of  the  excess  ..!'  lime  and  it>  pre«-ipitatioii  hy  carl»oni<- 
acid  on  the  suhstances  in  the  juice  which  an-  truly  melassi^enic.  I-'ully 
half  of  the  total  increase  which  the  experiment-*  havr  demonstrated  i-  due 
to  this  cause.  It  is  true,  the  coefficient  of  purity  «•!'  the  juice  does  not 
seem  to  he  much  affected  l>\  the  process,  l>ut  it  i>  evidrner  that  the  treatment 
to  which  the  juice  is  subjected  incn-ases  in  a  marked  degree  the  ability  «.f 
the  sugar  to  crystalli/.e.  'fhi>  tlict  i-  nm-t  abundantly  illn>trati-<l  l»y  the 
results  obtained.  Not  only  this,  hut  it  i-  al-o  evident  that  the  projM»rti«.n 
of  first  sugars  to  all  others  is  largely  increased  by  thi-  metlnKl.  'I  his  is  a 
fact  which  may  prove  of  considerable  economic  im|x>rtunce." 

It  only  remains  to  notice  in  connection  with   raw  sugars  two  forms  of 
apparatus  for  concentrating  raw-sn^ar  juice  which  have  had  considerable  use 

Fio.  46. 


in  the  tropics.  The  first  of  these  is  the"  \\Yt/el  pan."  an  apparatn-  <hown 
in  l-'i^-.  I").  As  seen,  it  consists  of  a  pan  containing  the  li«pi<>r,  in  which  dip 
pipes  heated  by  -team  pa  —  in-  thron-h  them;  while  the  cylinder,  formed 
by  these  pipes,  is  caused  to  revolve  by  p«»\\er  applied  from  the  end  a>  shown 
in  the  cut.  The  lar»v  heatinir  surface  enables  -team  at  very  low  pn  — un- 
to be  used,  exhaust  steam  from  the  cane-mill  engine  heinLr  si.nietimo  u-ed 
for  the  purpose.  Such  pans  are  used  on  some  plantation-,  in  the  absence 
of  a  vacuum-pan,  to  finish  the  concentration  be«:un  in  the  batterv  or  copper- 
wall.  The  liquor  is  brought  to  them  at  a  density  of  26°  to  i>7°  P».  'flic 
other  form  of  apparatus  referml  to  is  the  "Fryer  Concn  tor,"  in  which  no 
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attempt  is  made  to  produce  a  crystalline  article,  but  only  to  evaporate  the 
liquor  to  such  a  point  that  when  cold  it  will  assume  a  solid  (concrete)  state. 
The  mass  is  removed  as  fast  as  formed,  and  being  plastic  while  warm  it  can 
be  cast  into  blocks  of  any  convenient  shape  and  size,  hardening  as  it  cools. 
In  this  state  it  can  be  shipped  in  bags  or  matting,  suffering  neither  deli- 
quescence nor  drainage.  The  "  concretor"  consists  of  a  series  of  shallow 
trays  placed  end  to  end  and  divided  transversely  by  ribs  running  almost 
from  side  to  side.  At  one  end  of  these  trays  is  a  furnace,  the  flue  of  which 
runs  beneath  them,  and  at  the  other  end  a  boiler  and  an  air-heater,  which 
utilize  the  waste  heat  from  the  flue,  employing  it  both  to  generate  steam  and 
to  heat  air  for  the  revolving  cylinder.  The  clarified  juice  flows  first  upon 
the  tray  nearest  the  furnace,  and  then  flows  down  the  incline  towards  the 
air-heater,  meandering  from  side  to  side.  While  flowing  thus  it  is  kept 
rapidly  boiling  by  means  of  the  heat  from  the  furnace,  and  its  density  is 
raised  from  about  10°  B.  to  30°  B.  From  the  trays  it  goes  into  a  hollow 
revolving  cylinder  full  of  scroll-shaped  iron  plates,  over  both  sides  of  which 
the  thickened  syrup  flowrs  as  the  cylinder  revolves,  and  thus  exposes  a  very 
large  surface  to  the  action  of  hot  air  wrhich  is  drawn  through  by  a  pan. 
In  this  cylinder  the  syrup  remains  for  about  twenty  minutes  and  then  flows 
from  it  at  a  temperature  of  about  91°  to  94°  C.,  and  of  such  consistency 
that  it  sets  quite  hard  on  cooling. 

Raw  sugars  are  often  gotten  now  of  sufficient  purity  to  allow  of  their 
immediate  use  without  further  treatment.  Such  is  not  the  usual  rule,  how- 
ever, but  they  have  to  undergo  a  purifying  or  refining  in  order  to  bring 
them  to  the  requisite  purity  for  consumption.  The  sugar-refining  process 
is  simpler  in  its  theory  than  the  process  of  preparing  the  raw  sugars,  but 
requires  more  exactitude  in  its  execution,  and  more  elaborate  and  costly  ma- 
chinery and  equipment.  The  problem  as  stated  is  a  much  simpler  one  than 
was  that  of  handling  the  raw  cane  juice ;  it  is  now  simply  a  redissolving  of 
the  impure  crystalline  mass  of  raw  sugar,  freeing  the  solution  from  impuri- 
ties, and  then  crystallizing  afresh  the  pure  sugar  from  it.  The  sugar  refinery 
located  in  a  large  commercial  centre  is  almost  always  a  building  of  consid- 
erable height,  so  as  to  allow  of  the  descent  by  gravity  of  the  sugar  solutions 
from  floor  to  floor  as  the  process  of  treatment  proceeds.  The  general  out- 
line of  the  treatment  will  be  easily  followed  with  the  aid  of  the  diagram  in 
Fig.  46.  The  raw  sugars  as  they  arrive  are  discharged  from  hogsheads  or 
bags  in  the  mixing  room  on  the  ground  floor  through  wide  gratings  into 
the  melting  tanks,  or  "  blow-ups,"  just  below,  where  boiling  water  and  steam 
rapidly  dissolve  all  that  is  soluble  in  the  sugars.  These  tanks  hold  from 
three  thousand  to  four  thousand  five  hundred  gallons,  and  treat  from  nine 
to  thirteen  tons  of  sugar  at  a  time.  The  hogsheads  and  bags  are  similarly 
cleaned  out  by  live  steam.  The  crude-sugar  solution,  run  through  a  coarse 
wire  strainer  to  remove  mechanically-mixed  impurities,  is  then  pumped  to 
the  defecating  tanks  at  the  top  of  the  building.  The  defecating  is  not  done, 
as  was  the  case  with  raw  juice,  with  lime,  but  with  some  form  of  albumen, 
as  bullock's  blood,  which,  coagulating  by  the  heat,  encloses  and  carries  with 
it  much  of  the  fine  suspended  impurities.  Fine  bone-black  is  also  some- 
times added  along  with  the  blood.  The  contents  of  these  defecating  tanks 
are  boiled  up  and  agitated  thoroughly  for  from  twenty  minutes  to  half  an 
hour,  when  the  clear  liquor  is  run  off  in  the  troughs  leading  to  the  bag- 
filters.  These  are  of  coarse,  thick  cotton  twill,  four  or  five  feet  long,  and 
but  a  few  inches  through.  These  filters  collect  the  fine  suspended  slime 
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which  would  not  settle  in  the  defecating  tanks.  It  has  been  found  impossi- 
ble to  replace  them  by  filter-presses  in  the  working  of  the  raw  cane  sugars 
at  present  in  the  market,  on  account  of  the  slimy  character  of  the  separated 
matter.  The  liquor,  now  containing  soluble  impurities  only,  has  a  brown 
color.  It  goes  from  the  storage-tanks  below  the  bag-filters  to  the  bone- 
black-filters.  These  filters,  immense  iron  tanks,  twenty  feet  high  and  eight 
feet  in  diameter,  open  through  man-holes  at  the  top  to  the  filter-room  floor. 
They  have  false  bottoms,  perforated,  over  which  a  blanket  is  fitted  to  pre- 
vent the  bone-black  from  flowing  through  with  the  liquid.  The  largest 
filters  hold  thirty  to  forty  tons  of  the  bone-black.  When  they  are  filled 
with  bone-black  the  man-hole  is  closed,  and  the  syrup  from  the  cisterns 
below  the  bag-filters  is  turned  on.  It  percolates  slowly  down,  is  allowed 
some  time  to  settle,  and  after  about  seven  hours  the  drawing  off  begins 
through  a  narrow  discharge-pipe.  The  filtered  syrup  is  caught  in  different 
tanks  as  it  becomes  deeper  in  color,  and  the  colorless  syrup  first  obtained 
used  for  the  finest  sugars,  and  so  on.  When  the  charge  has  run  out,  the 
sugar  remaining  in  the  charcoal  is  washed  out  by  running  through  fresh  or 
"  sweet"  water,  and  the  bone-black  must  be  reburned  before  it  can  again  be 
used.  From  three-quarters  to  one  and  a  quarter  tons  of  black  are  needed 
per  ton  of  sugar  decolorized,  according  to  the  quality  of  the  raw  sugars.  The 
liquor  is  now  ready  to  be  concentrated  in  the  vacuum-pan  and  brought  to 
the  crystallizing  point.  This  vacuum-pan  boiling  has  already  been  de- 
scribed under  raw  sugars.  The  processes  of  boiling  are  somewhat  different 
for  "  mould"  and  for  "  soft"  sugars.  The  best  grades  of  syrup  boiled  to  an 
even,  good-sized  grain  are  used  for  the  former,  whether  loaf,  cut,  crushed, 
or  pulverized.  As  the  "  masse-cuite"  cools  it  is  run  into  conical  moulds 
with  a  small  aperture  at  the  bottom,  or  smaller  end,  through  which  the  un- 
crystallized  liquid  may  drain  off.  After  this  has  been  allowed  to  drain, 
water  or  white  syrup  is  poured  in  at  the  top,  which  washes  the  crystals  as 
it  slowly  filters  through.  After  a  sufficient  time  allowed  for  drainage,  the 
moulds  are  turned  over,  so  that  the  small  quantity  of  syrup  in  the  point  of 
the  cone  shall  distribute  itself  through  the  mass.  The  result  is  the  hard 
white  "  sugar-loaf,"  or  conical  form  of  sugar.  The  process  of  draining  in 
moulds  is,  however,  very  generally  replaced  by  the  use  of  large  centrifugals, 
in  which  several  cones  can  be  dried  at  a  time  in  a  few  minutes,  saving  enor- 
mously in  time  and  in  the  room  previously  occupied  by  the  large  number  of 
moulds  needed  for  several  days'  working.  Such  a  hydro-extractor  for  cones 
is  shown  in  Fig.  47.  The  "  soft"  sugars,  the  crystallization  of  which  is 
completed  in  the  cooler  after  the  "  masse-cuite"  leaves  the  vacuum-pan,  are 
cured  mostly  by  centrifugals,  and  are  ready  for  barrelling  on  leaving  them. 

2.  PRODUCTION  OF  SUGAR  FROM  THE  SUGAR-BEET. — In  considering 
the  question  of  the  production  of  sugar  from  the  sugar-beet,  two  things 
must  be  noticed  :  first,  the  soft,  pulpy  character  of  the  beet,  which  allows  of 
much  more  complete  extraction  of  the  juice,  and,  second,  the  more  complex 
composition  of  the  juice,  which  necessitates  more  elaborate  methods  of  puri- 
fication of  the  juice. 

The  cultivation  and  working  of  the  sugar-beet  has  been  developed  to 
so  much  greater  an  extent  in  Germany  than  any  other  country  that  we  shall, 
in  describing  the  extraction  of  sugar  from  the  beet,  notice  German  methods 
chiefly.  The  beets  are  first  washed,  brushed  and  deprived  of  the  tops,  and 
then  made  to  yield  their  juice  by  one  of  four  methods  :  (1)  by  pulping  them 
and  pressing  the  pulp  either  in  hydraulic  presses  or  between  rolls ;  (2)  by 
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rriitrit'u_Lr:itinLr  the  pulp;  (.'))  l»y  the  maceration  process,  in  which  the  pulp 
is  exhausted  with  cither  warm  <»r  cold  \\at«-r,  ami  tin-  iv-idiu-  pn  —  «<1  ;  and 
(1)  hv  the  ditluHMM  pr<»cc— ,  in  which  the  beets  are  n«»t  pulped  at  all,  l»ut 
•re  oat  into  thin  transverse  section-,  known  iii  Germany  as  '*  -chnit/el,"  in 
France  as  "cosettes,"  ami  in  Kn-li-h  a-  ••  chip-."  Thex- an- then  put  int.> 
a  series  of  vessels,  in  which  a  current  of  \\arm  water  is  mad.-  t,,  displace 
the  suirar  jui<v  l>y  the  principle}  of  " osmosis,"  or  (litl'n-i<.n,  as  it  is  IMMIV 
L:.'!I.  i-ally  called.  The  lir-t  thn-e  processes  are  m.\v  alnm-t  entirely  di-plac.-d 
in  Germany  by  the  diHii-inn  process.  It  is  stat»-d  that  in  the  >«-a-.n  «.i* 
1881-82,  of  the  three  hundred  and  torty-tlmi'  German  sugar-houses,  all 
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but  nineteen  used  the  diffusion  process;  of  these  nineteen,  sixteen  used 
the  press  method,  two  the  maceration  method,  and  one  the  centri filiation 
method.  In  the  season  of  1884-85  the  number  not  using  the  diffusion 
method  had  fallen  to  six.  In  France  the  diffusion  method  has  not  become 
so  generally  popular.  As,  however,  it  yields  a  purer  juice  and  a  higher  per- 
centage of  the  same  than  the  older  methods,  and  is,  as  just  stated,  the  one 
that  is  displacing  the  others,  we  shall  confine  ourselves  to  this. 

In  the  diffusion  method  of  Robert,  the  fresh  beets  are  cut  into  slices  or 
"chips"  of  about  one  millimetre  thickness,  which  are  digested  with  pure 
water  at  50°  to  60°  C.  This  allows  the  saccharine  beet  juice  to  pass 
through  the  cell-walls  and  mix  with  the  water  and  the  water  to  replace  it 
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in  the  cells,  while  the  colloid  non-sugar  remains  behind.  The  vessels  used 
for  this  diffusion  are  mostly  upright  iron  cylinders,  as  shown  in  Fig.  48, 
which  are  provided  with  a  man-hole  above  for  charging  them  with  the  chips. 
A  series  of  these  diffusors  connected  together  is  known  as  a  battery.  They 
are  brought  to  the  proper  temperature  either  by  a  small  steam-coil  on  the 
bottom  of  the  vessel  or  by  so-called  "  calorisators,"  or  juice- warmers,  de- 
tached upright  heating  vessels  inserted  between  every  two  diffusors.  A 

FIG.  48. 


diffusion-battery  of  ten  cells,  with  juice-warmers,  is  shown  in  plan  in  Fig. 
49.  From  the  bottom  of  each  cell,  I  to  Xy  goes  a  delivery-tube,  5,  to  the 
bottom  of  the  juice- warmer,  where  it  divides  into  seven  tubes.  From  the 
top  of  each  juice- warmer  a  tube,  a,  bent  at  right  angles,  connects  with  the 
next  cell.  The  connection  of  the  opposite  cells,  V  and  VI,  as  well  as  the 
cells  X  and  I  at  the  other  end,  is  effected,  as  shown  in  the  ground-plan,  by 
longer  tubes  making  these  bends  at  right  angles.  By  suitable  valves  in  the 
supply-  and  delivery-tubes  each  cell  can  be  shut  off  from  the  others.  The 
upper  man-holes  of  the  cells  are  all  reached  from  the  platform  e,  which  runs 
along  just  above  them ;  the  valves  1,  2,  3  are  reached  from  the  platform  /, 
which  runs  along  lower  down,  supported  on  cross-pieces,  as  shown  in  Fig. 
48  ;  and  the  third  platform,  g,  gives  access  to  the  lower  valves.  A  sunken 
canal,  A,  in  this  lowest  platform  allows  of  the  exhausted  chips  being  dis- 
charged from  the  lower  man-holes  on  to  an  endless  band,  which  passes 
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around  two  wheels  and  Urlivrrs  them   int«.  aso-ndm-.:  lm«-U«-K  \\li-n--.   tli.-y 
the  ehip-pivs-,  \\iii.-h  drirs  tlinu.      Tin-  tilling  «•!'  tin-  «vlU  i-  .fleeted 
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by  means  of  a  swinging  trough,  not  shown  in  the  cut,  connecting  with  a 
chip-cutter  placed  on  a  higher  level. 
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In  operating  the  battery,  water  at  66°  C.  is  riiM  into  the  first  cell,  which 
has  been  previously  filled  with  fresh  chips.  For  every  cubic  metre  of  space 
four  hundred  and  fifty  kilos,  of  chips  and  five  hundred  kilos,  of  water  are 
to  be  reckoned.  The  cell  remains  quiet  for  twenty  minutes,  during  which 
time  the  temperature  falls  to  45°  C.  The  connection  with  the  neighboring 
juice-warmer  is  now  opened,  and  the  thin  juice  made  to  pass  into  this  by 
forcing  fresh  cold  water  into  the  first  diffusion-cell.  The  juice,  brought  in 
the  warmer  to  66°  C.,  is  then  passed  into  the  second  cell,  wrhich  has  been 
filled  with  chips.  After  twenty  minutes  the  juice  in  No.  2  is  passed  into 
the  adjoining  juice- warmer,  while  the  cell  fills  up  with  the  juice  from  No.  1, 
and  this  in  turn  with  fresh  water.  No.  3,  which  had  been  filled  meantime 
with  chips,  is  now  brought  into  the  connection.  After  the  juice  has  been 
kept  in  contact,  at  66°  C.,  with  the  contents  of  each  of  the  three  cells  in 
turn  for  twenty  minutes,  it  is  sufficiently  concentrated  to  go  to  the  defecating 
pan.  This  juice  is  therefore  sent  to  be  purified,  while  No.  3  fills  up  with 
the  thin  juice  from  No.  2.  In  twenty  minutes  this  is  displaced,  and,  after 
being  warmed  to  66°  C.,  goes  to  No.  4,  a  freshly-filled  cell.  After  suitable 
action  here  it  goes  direct  to  the  defecating  pan,  as  it  is  the  second  diffusate 
of  three  cells  and  the  first  of  a  fourth.  From  this  time  on,  as  a  new  cell 
comes  into  operation  the  juice  from  one  cell  goes  to  the  defecating  pan  until 
the  ninth  is-  in  connection,  when  the  first  cell  is  disconnected  and  emptied  of 
the  exhausted  chips  and  then  filled  with  fresh.  While  this  is  going  on  the 
tenth  cell  has  been  connected ;  and  then  the  second  is  to  be  emptied,  while 
the  first  cell  is  brought  into  connection  with  the  tenth.  Thus  nine  cells  are 
always  working  together  in  the  battery,  while  the  tenth  is  disconnected  for 
emptying  and  filling. 

The  diffusion-cells  are  sometimes  arranged  in  a  semicircle  or  a  circle 
instead  of  a  straight  line,  as  this  arrangement  is  thought  to  be  more  con- 
venient when  the  cells  are  to  be  filled  and  emptied.  Such  a  circular  diffusion- 
battery  is  shown  in  Fig.  50,  and  the  method  of  filling  the  cells  with  the  chips 
or  slices  is  shown,  as  well  as  the  endless  belt  carrying  up  the  buckets  of 
exhausted  chips  to  be  emptied.  A  continuous  diffusor,  consisting  of  one 
long  cell,  in  which  the  chips  and  water  move  in  opposite  directions,  so  that 
as  the  juice  becomes  more  concentrated  it  shall  meet  chips  richer  and  richer 
in  sugar,  has  also  been  devised. 

As  stated,  the  percentage  of  extraction  by  these  methods  is  higher  and 
the  juice  is  purer  than  by  any  other  method,  while  the  dried  chips  also  serve 
as  most  valuable  fertilizer  material  or  for  cattle  food.  Their  average  com- 
position is  :  ash,  5.67  ;  fat,  .49  ;  crude  fibre,  23.36  ;  crude  protein,  8.70 ; 
and  non-nitrogenous  extractives, '6 1.78.  A  modification  of  this  diffusion 
process  by  Bergreen,  already  found  advantageous  in  practice,  is  to  exhaust 
the  cells  of  air  after  filling  them  with  fresh  beet-chips,  and  then  to  allow 
expanded  steam  to  enter,  so  as  to  coagulate  the  albuminoids.  The  usual 
procedure  then  follows.  The  exhausted  chips  gotten  this  way  make  a  good 
cattle  food,  as  they  are  richer  in  nitrogenous  matter.  The  beet  juice,  by 
whichever  of  the  four  methods  before  mentioned  it  may  be  gotten,  is  now  to 
be  purified.  The  general  outlines  of  the  method  of  working  up  the  juice  is 
shown  on  the  accompanying  diagram,  based  on  that  of  Post,*  but  modified 
to  accord  with  recent  improvements.  Except  in  the  case  of  the  diffusion 
juice  of  Bergreen's  process  mentioned  above,  the  crude  juice  is  heated  by 

*  Post,  Chemische  Technologie,  ii.  p.  274. 
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indirect  steam  to  80°  C.  to  coagulate  tin-  all.nminoid-,  and  then  two  to 
thive  or  even  fuiir  JUT  .-nit.  ,,f  can-tic  linn-,  in  tin-  form  of  milk  <>f  lime,  is 
added.  This  lime  saturates  the  free  acids  and  tlin.u^.mt  nitrogenous  com  - 
pounds  as  in  the  ease  of  earn-  juice,  and,  Utilise  "f  it-  BX06SB.  forms  soluble 

calcium   saccharates    with  i'    tin-   -n-ar.      < 'arln»nie  acid    ^a-   j.,   t),,.,, 

added  until    the   pnvipitai«  d  .  -arh.  »nate  of  lime  iM-n.m.--  -jraimlar  and  -ettle- 

readilv.     At  this  time  there  still  remains  a  slight  excess  of  free  lims. — alH.nt 

.  1  to  .'2  per  <vnt.     Tin-  OOntentS of  the  Saturation-pan  are  now  pumped  into  thf 

filter-presses  and  the  pre.-— cake-  \\a-li.  d  tn-i-  tV-.m  -u-ai-  l»\  -team.      A  li/ 
pn-S  such  as  is  :ulapted    1'or  mi-   and  rarln. natation   pre>s-<-akej*,  is 

slm\\  n  in  l-'i-.  51,      This  treatment  i- ealle«l  the  tir-t  «-arlMinaiati«.n.      Th«  jni.-.- 
may  l>e  liltri-cd    n«>\\   at    on.v   tlimn^h    l>«,nr-l.la<-k,  which  \\ill  \\ithdia\\   the 
remainini:-   lime  as  well  as  deeolorixe   it,  Imt    in    nn.-t  <  ierman    - 1 1- a  r- houses 
it  is  subjected,  l»oilin_Lr  hot.  t«>  a  -ecnnd  treatment  with  one-halt'  JH  r  OBOt 
lime,  and  then  completely  neiitrali/ed  with  earhoiiie  acid.      '1'hi^  is  call«-<l  the 
second  carhonatation,  «»r  the  mitnrntinn.      Alter  again  goiu.i:  through  the  ti; 
]»re— the  juice  o-oes  to  the  I ioiie-1  »laek-li  1  t«-rs.      In  many  of  the  newer  <  ••  -rnian 
sugar-lnmses  the  filtration  of  the  thin  juice  through  bone-hlaek  is  no  longer 
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practised,  as  repeated  saturations  with  lime  and  carbonic  acid  or  treatment 
with  sulphurous  acid  and  sulphites  have  so  clarified  it  as  to  make  bone-black 
unnecessary.  It  is  stated  that  at  Watsonville,  California,  in  the  U-t  t -sugar 
factory  of  Spreckels,  bone-black  filtration  is  thus  dispensed  with.  The  thin 
filtered  juice  is  concentrated  in  double  or  triple  etl'ect  vacuum-pans  t«>  -j  1 
or  25°  B.,  and  then  filtered  a-ain  as  thick  juice  through  bone-black.  Thi- 
second  filtration  takes  the  la>t  traces  of  nitrogenous  materials  out,  and  the 
remnant  of  lime  which  remained  in  solution.  It  is  then  concentrated  in 
the  vacuum-pan  to  crystalli/ation. 

In  the  preparation  of  raw  -n^ar.  the  "  masse-cuite"  is  dropped  from  the 
vacuum-pan  into  small  coolers  of  about  two  hundred  kilos,  capacity,  in 
which  it  becomes  cold  and  crystalli/ation  is  completed.  The  contents  of 
these  coolers  are  then  mixed  and  broken  up  and  rubbed  to  a  paste  with  tin- 
aid  of  some  syrup,  and  the  whole  e< -ntritii-atcd.  The  sugar  so  obtained  is 
the  raw  beet-sugar  of  commerce.  The  syrup  obtained  is  concentrated  in  a 
vacuum-pan,  and  the  sugar  from  this  forms  tne  second  product,  which  some- 
times goes  into  commerce  and  sometimes  is  returned  to  the  thick  juice  to  be 
worked  up  with  it. 
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As  was  stated  before,  raw  cane-sugar  can  be  obtained  by  care  and  with 
the  best  vacuum-pan  practice  so  nearly  pure  as  to  be  directly  available  for 
use  without  any  special  refining.  In  the  case  of  raw  beet-sugar  this  is 
much  more  difficult.  The  raw  beet-sugar,  though  it  may  be  well  crystal- 
lized, usually  contains  substances  of  decidedly  unpleasant  odor  and  taste, 
chiefly  decomposition  products  of  the  betaine  of  the  juice  (see  composi- 
tion of  the  beet,  p.  115),  which  are  in  the  syrup  adhering  to  the  crystals. 
The  production  of  a  well-crystallized  sugar  for  consumption  direct  from 
the  beet  juice  requires,  therefore,  a  thorough  cleansing  of  the  crystals  in  the 
centrifugating  process.  This  is  accomplished  by  the  purging  of  the  crystals 
with  a  clear  white  syrup,  which  displaces  the  impurer  syrup  adhering,  or 
very  generally  by  the  use  of  steam  of  low  tension  either  admitted  into  the 
inner  drum  of  the  centrifugal  or  to  the  space  between  the  revolving  drum 
and  the  mantel.  In  this  last  case  the  steam  does  not  so  much  cleanse  the 
crystals  as  it  warms  the  mass  and  liquefies  thoroughly  the  syrup  in  the 
spaces  between  the  crystals.  The  production  for  direct  consumption  of  a 
commoner  sugar,  known  in  Germany  as  "  melis,"  or  lump-sugar,  is  an  im- 
portant branch  of  the  raw  sugar- working.  In  this  case  the  contents  of  the 
vacuum-pan  brought  to  grain,  but  without  the  special  building  of  crystals, 
are  discharged  into  shallow  vessels  with  false  bottoms,  which  may  be  called 
"  warmers,"  in  which  the  "  masse-cuite"  is  heated  up  from  60°  to  90°  C., 
which  has  the  effect  of  redissolving  most  of  the  small  crystals.  The 
warmed  syrup  is  now  filled  into  the  moulds,  in  which  it  crystallizes  uni- 
formly to  a  compact  whole.  This  grade  of  sugar  would  have  as  so  pro- 
duced a  light  yellow  color,  which  is  usually  corrected  by  the  addition  of 
ultra-marine  blue. 

Of  course,  raw  beet-sugar  can  be  most  advantageously  purified  by  a 
complete  refining  process,  analogous  to  that  described  under  cane-sugar,  in 
which  they  are  redissolved,  clarified,  decolorized,  and  again  crystallized. 
The  procedure  is  so  similar  to  that  described  under  the  refining  of  cane- 
sugar  that  it  need  not  be  specially  noticed  here. 

3.  THE  WORKING  UP  OF  THE  MOLASSES. — It  is  stated  in  the  tabular 
view  of  the  working  of  cane-sugar  on  p.  121,  that  the  molasses  is  used 
for  syrup  or  worked  over  into  molasses  sugars.  We  should  distinguish, 
however,  between  the  several  grades  of  molasses.  In  working  up  the  raw 
sugar  reference  was  made  to  first,  second,  and  third  sugars.  Corresponding 
to  each  of  these  three  grades,  of  course,  is  a  different  molasses,  sometimes 
known  as  first,  second,  and  third  molasses,  and  sometimes  as  second,  third, 
and  fourth  molasses.  The  average  percentage  of  sucrose  and  of  reducing 
sugars  in  these  is  shown  from  the  analyses  of  the  United  States  Department 
of  Agriculture*  made  at  Magnolia,  Louisiana,  in  1884. 

First  molasses  .  .  Sucrose,  37.97  per  cent.  Reducing  sugar,  8.13  per  cent. 
Second  molasses  .  Sucrose,  41.23  per  cent.  Reducing  sugar,  18.82  per  cent. 
Third  molasses  .  .  Sucrose,  21.87  per  cent.  Reducing  sugar,  21.06  per  cent. 

The  percentage  of  solid  non-sugar  in  the  first  and  second  of  these 
molasses  will  nearly,  if  not  quite,  equal  that  of  the  sucrose,  while  in  the 
third  it  considerably  exceeds  it. 

The  "  first  molasses"  is  sufficiently  pure  to  be  mixed  with  syrup  sugar 
in  the  pan  for  the  production  of  a  second  product  sugar ;  the  "  second 

*  Bulletin  No.  5,  p.  52. 
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molasses"  can  be  refined  as  such   for  l>n.\\  .....  •  grocrry  sugars,  and   the 

"  third    mola—  c-"  i-   -o   -tieky  and    impure    that    it    can   ..nlv  !><•  -rnt   to   the 
rum-distillery,  where  it  is  ferm.  ntrd  for  nun.     (See  p.  21".) 

With  respect  to  beet-root    mola-r-    the   OttM    i-   ditll-n-nt.        It    i- 
impure   from   mineral    -alt-  and    nitrogenous   material-,    but    i-   n.-arlv   pure 
from  the  invert  or  reducing  -ugar  -o  abundant  in  igar  mola—  <>.  and 

in  recent  year*  it  has  been  found  |x»ssihle  to  work  it  -p.  «-iii.-all\  I'm-  il..- 
extraction  of  the  sucrose,  of  which  over  ninety  jM-r  •••  nt.  i-  im\\  .  \iracted, 
thus  reducing  the  Io<-  of  sugar  to  a  minimum.  The  average  coiii|»o-iti..ii 
of  beet-sugar  molasses  is  given  at  fitly  p«  r  cent.  of  -ncro-r,  thirtv  JM-I-  cent 
of  non-sugar,  and  twenty  JKT  <vnt.  of  water.  (  >f  th«s<'  thirty  'i, 
ten  are  made  up  of  inorganic  salts,  dm-fly  j»ota-h  compOllDdfl,  and  tu.nty 
of  organic  non-sugar  (see  composition  of  the  -u-ai-lM,  t,  (..  II..  \»  tin- 
amount  of  Invt-sugar  inolassrs  |H'odn<vd  in  (  'oiitim  utal  l-!nr..|M-  annuallv 

i-  e-ti  mated  at  250,000  tons,  the  fifty  percent.  ..f  roorooe  repreaeoti  I- 
tons  of  sugar  which  it  \va-  certainly  de-iral»le  t«>  extract  it'  pi^-ilile.  Tin- 
processes  for  accomplishing  this  depend  upon  either  one  or  tin-  oth.-r  «,f  t\\«» 
principles:  either  to  withdraw  from  the  molasses  the  |n.ta-h  and  other 
mineral  salts  which  prevent  the  er\>tal!i/ati«m  of  the  BQCTOee,  «>r  t«.  j.re- 
eipitate  out  the  sucrose  in  coml>ination  with  calcium  or  -trmitinm  as  an 
insoluble  sucrate,  which  is  then  mi.\e<l  with  water  and  <lec,,ni|>ox-d  l»y 
carbon  dioxide  or  used  in  the  defecation  of  Keet  juice  in-trad  of  limr. 

The  elimination  of  the  pota-h  silts  may  be  etVectrd,  ac.Midin-  tll 
Newland's  proposal,  by  the  addition  of  aluminum  -ulphate  so  as  to  form 
potash  alum,  which  is  crystal  li/ed  out,  or  by  the  "osmose"  process,  in 
which  the  principle  of  diiVnsion  already  referred  to  (flee  p.  1:51)  is  again 
made  use  of.  In  this  case  advantage  is  taken  of  the  tiu-t  that  tin-  |x>tash 
salts  are  the  most  crystalline  constituents  of  the  molasses,  ami  hence  \\ill 
IKI-S  through  a  sheet  of  vegetable  parchment  more  rapidly  than  the  otln-r 
constituents.  So  if  the  molasses  warmed  to  80°  or  90°  C.  be  made  to  pass 
in  a  stream  on  the  one  side  of  such  a  membrane  while  pure  \\atrr  passes 
on  the  other,  the  potash  salts  diffuse  through,  and  an  to  that  degree  elimin- 
ated from  the  molasses.  However,  the  diticrence  in  the  rapidity  of  diffusion 
of  the  salts  and  the  sucrose  is  not  sufficiently  -r«at  to  allow  of'  a  very 
perfect  separation,  so  that  to'avoid  !•>-  ;-ar  the  operation  nm-t  U- 

stopped  before  the  elimination  of  salt-  i<  complete.  A  little  more  than 
half  of  the  sugar  can  be  recovered  from  the  m..la-ses  in  this  \\ay.  The 
apparatus  in  which  this  treatment  of  the  molasses  is  carried  out  i-  kn"\\n 
a<  an  osmogenc,  and  is  illustrated  in  Fig.  -VJ.  It  con-i-t.-  of  a  nnnii 
very  narrow  but  high  and  deep  cell-  adjoining  each  other,  the  -ides  of 
which  are  of  parchment  paper.  Through  alternate  cell-  in  this  >y-trm 
i  he  heated  mola—  «-,  and  through  the  intervening  cells  the  \\at.  r  at  the 
same  temperature,  each  connecting  with  lateral  canal-  ti.r  the  -upply  and 
withdrawal  of  the  respective  liquids.  The  onlinary  o-nio-e  appara; 
the  German  sugar-lion-.-  i-  capable  of  working  1000  kilos,  or  upuard- 
of  molasses  per  day.  and  at  a  cost  of  1.60  marks  (3*.  I  0  Ufa  p«  r  inn  kiK,-. 
of  molasses.  The  OSmOSe  sugar  i-  -.mewhat  darker  in  color  than  ordinary 
second  or  third  sugar,  but  is  of  plca-anter  and  sweeter  tttte,  The  yi.ld  ot' 


yield  seventeen,  or  sometimes  as  high  as  t  wmty,  JKT  tvnt.     By  repeating  the 
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osmose  process  thrice  the  yield  can  be  raised  to  thirty  per  cent,  out  of  the 
possible  fifty  per  cent,  of  sucrose  contained  in  the  molasses. 

Of  the  methods  depending  upon  the  formation  of  a  lime  or  strontia 
sucrate,  the  most  important  are  the  Scheibler-Seyferth  elution  process,  the 
Steffen  substitution  and  separation  processes,  and  the  strontium  processes. 

In  the  first  of  these  processes,  finely  powdered  quicklime  is  added  to 
the  molasses,  which  has  been  previously  concentrated  in  vftcuo  to  84°  or 
85°  Brix,  in  the  proportion  of  about  twenty-five  parts  of  the  former  to 

FIG.  52. 


one  hundred  parts  of  the  latter.  The  lime  slakes  at  the  expense  of  the 
water  of  the  molasses,  and  leaves  the  tribasic  calcium  sucrate  in  the  form 
of  a  dry  porous  mass.  This  is  then  broken  up  and  put  into  the  "  elutors," 
vessels  which  are  somewhat  similar  in  design  to  the  cells  of  a  diffusion- 
battery.  The  impure  sucrate  is  here  systematically  washed  with  thirty-five 
per  cent,  alcohol,  which  dissolves  away  from  it  most  of  the  adhering  im- 
purities. The  washed  sucrate  is  then  brought  to  the  condition  of  a  fine 
paste  with  water,  and  either  decomposed  with  carbon  dioxide  or  used 
instead  of  lime  in  treating  fresh  beet  juice.  This  process  takes  out  eighty- 
five  to  ninety  per  cent,  of  the  sugar  contained  in  the  molasses,  but  the  cost 
is  somewhat  greater  than  in  the  case  of  the  osmose  process.  The  alcohol  is 
recovered  from  the  washings  by  distillation.  Steffen's  substitution  process 
depends  upon  the  difference  in  solubility  of  the  tricalcium  sucrate  at  high 
and  low  temperatures.  The  molasses  is  first  diluted  so  that  it  shall  contain 
about  eight  per  cent,  of  sugar,  and  then  caustic  lime  added  until  some  two 
to  three  per  cent,  has  been  used.  The  whole  mass  is  then  heated  to  115° 
C.,  when  the  tricalcium  sucrate  is  precipitated  and  separated  by  the  use  of 
a  filter-press.  The  sucrate  is  ground  up,  again  filter-pressed,  and  then  can 
be  used  in  defecating  sugar  juice.  The  washings  from  the  filter-press  are 
used  to  dilute  a  fresh  quantity  of  molasses  to  the  degree  mentioned  before, 
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which,  treated  with  linn-  in  tin-  proper  proportion  and  heat»-d  up,  >«-p:ir:it«  - 
the  sucrate,  which  is  treated  as  before.  After  alxnit  tin-  twentieth  op.  ration, 
the  cooled  mother-liquors  and  \va-h-\\atei>  an-  mated  \\ith  lime  aloi,, 
the  residual  liquors  after  tin-  treatment  are  th«  n  r.-je.-i.d.  In  the** 
reparation  process,  on  the  oth,-r  hand,  the  mola-e^  ^olution  is  k.-pt  mid, 
the  temperature  not  I.ein-  allowed  to  rise  over  30°  C.  (86°  V.  i  The 
molasses  is  diluted  until  the  den-ity  >ho\\~  ll_'  liri\,  the  peiv.-nta'je  «,f 
sugar  bcinu-  then  1'n.m  >e\cn  i..  ei-ht.  This  H.hiti«.n  i>  n  .<.!<•<  I  dn\vn  to 
'.  (59°  F.),  and  tinely-p(.\\dei-e<l  <|iiirUlimr  i>  added  in  Miiall  pMriimi- 
at  intervals  of  alxnit  a  minute,  the  t«  •mperatmv  ri>iii«:  :l  little  eaeh  time  and 
being  again  cooled  down.  '1'ln-  mixing  <»f  the  molasses  and  the  lime,  in  the 
proportion  of  fifty  to  one  hundred  of  powder,  d  lime,  a<vordiii£  to  <jualit\  , 
to  one  hundred  oi'  dry  su^ar,  in  the  snlntinn  take^  plae,-  in  a  <-lo^-d  mi\in-j- 


of  iron  provided  with  tnlws  through  \\hieh  mid  \\ater  i-  kepi  o 
,  and  with  a  mechanical  agitator  to  mix  the  content-  uniformlv.     The 
insoluble  sucrate  separates  out  rapidly  in  the  mid,  and  the  contents  of  tin- 
mixer  A  (see  Fig.  53)  are  pumped  to  the  filter-press  E,  where  the  sucrate 


Fio.  68. 


is  washed,  the  mother-liquor,  containing  all  the  impurities  of  the  molasses, 
being  put  aside  for  fertilizing  purposes,  the  wash-water,  however,  U-iu^ 
collected  in  F  for  use  in  diluting  new  quantities  of  mola>-es.  The  wa-h.-d 
sucrate  drops  from  the  filter-press  into  the  sucrate-mill  (?,  where  it  is  mixed 
to  a  thin  paste  with  water,  and  then  pumped,  by  means  of  the  mont.-ju- 
H,  to  the  receptacle  /.  From  here  it  can  be  sent  into  the  first  saturation- 
vessel  Ky  and  to  the  filter-press  J/,  and  to  the  second  saturation-vessel  S, 
and  the  filter-press  0. 

The  process  which  at  the  present  time  is  attracting  very  favorable 
attention  and  seems  to  give  considerable  promise  is  the  strontium  process. 
In  this  the  sugar  is  precipitated  either  as  monostrontinra  sucrate,  which  is 
quite  difficultly  soluble  in  the  cold,  or  as  l»istroiitium  sucrate  separating 
from  hot  solution.  According  to  Scheibler*s  monosucrate  procedure,  the 
molasses  is  well  mixed  with  hot  saturated  strontium  hydrate  solution,  and 
the  mixture  passed  over  cooling  apparatus  into  crystalli/ini:  tanks,  where  a 
few  crystals  of  the  monosucrate  are  added  to  start  the  crystallization.  After 
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some  hours  the  whole  mass  is  changed  into  a  crystalline  magma,  which  is 
broken  up  and  put  through  a  filter-press.  The  white  cakes  of  strontium 
sucrate  go,  as  in  the  case  of  calcium  sucrate,  to  the  treatment  of  crude  beet 
juice,  while  the  mother-liquor  is  treated  with  more  caustic  strontia  and 
boiled,  when  bistrontium  sucrate  is  precipitated.  This  is  dense  enough  to 
be  washed  by  decantation,  and  then  can  be  used  instead  of  strontia  solution 

FIG.  54. 


with  fresh  molasses  for  the  formation  of  monostrontmm  sucrate.  The 
excess  of  strontia  is  recovered  from  all  the  mother-liquors  and  worked  over 
into  caustic  strontia.  By  the  other  strontium  process  the  molasses  is  added 
to  a  twenty  to  twenty-five  per  cent,  strontium  hydrate  solution,  both  taken 
hot,  in  such  amount  that  for  one  part  of  sugar  about  two  and  one-half  parts 
of  strontium  hydrate  are  present.  The  precipitated  bistrontium  sucrate 
separates  rapidly,  and  the  mother-liquor  can  be  decanted  from  it.  The 
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sucrate  is  washed  with  hot  water  or  with  a  t«  u  per  cent,  hot  strontium 
solution.  In  order  to  decompose  the.  -ncrate,  it  i-  l.roii-jht  in  a  i 
chamber  and  cooled  to  In  to  1^°  (_'.,  when,  after  tw«  nt\  -four  to  -ev<-nt\  - 
two  hour-'  -landing,  according  i,,  temperature,  »  !••.,  it  d.  eumpOSCS  into 
-talli/.ed  strontium  hydrate  and  -n-ar  -Mlutioii,  miitainin'j  something 
less  than  lialf  of  the  -trontia.  Alter  filterm-  ..11'  the  erx-talli/.d  -trontimn 
hydrate,  the  sugar-liquor  i-  decomposed  with  carbon  dioxide  in  the  u-ual 

way. 

In  (lermany,  in  1881-82,  out  of  188  sugar-hour's  extracting  the  -u-jar 
from  molasses,  I:1,.")  u-ed  the  ..-mo-e  proee.—  ,  and  II  the  elutiou,  \\lnl.  in 
1884-85,  out  of  162  su^ar-hoiM-  \\m-Uiii.j  uver  mola.—  e-,  hut  7!»  u-d  the 
osmose  process,  ">1  used  the  elntion  proee--,  •_'.;  th<>  siihstitution  and  -<j»a  ra- 
tion prnrrssrs,  and  I  the  -tmntinm  |>i'o<r>-. 

4.  HKVIVII  VING  OF  TNI    1',  -M    1.1  \«  K.—  The  bone-black,  or  "  char," 

after  use  in  the  filters,  Krcmn,  -  .-har-vd  \\  ith  impm-ities  and  lose-  for  the  time 
its  decolorizing  power.  It  can,  however,  he  restored  to  activity,  «.r  "  revivi- 
fied," l>y  >nital»le  treatment  so  as  to  he  u-ed  a-ain  for  filtration,  and  thi-  pro- 
cess can  be  repeated  many  times  l».-ti»re,  l.y  the  -radnal  lo~^  ,,!'  it-  porous 
character  and  change  of  completion,  it  heemno  unlit  tor  n-e.  In  \\orkin- 
sugars  from  the  cane  this  revivification  is  a  much  simpler  proivs*  than  in 
the  case  of  beet-sugars.  In  the  former  ea>e,  \\ater  a>  hot  as  possible  i>  run 
in  at  the  top  of  the  filter,  which  displaces  the  su^.ir  solution  remaining  in 
the  pores  of  the  char  and  forms  a  dilute  x.lntion  of  ni-ar  and  the 


impurities  taken  up  from  the  liquor.  Thi>  dilute  Dilution  is  knoun  as 
••  -weet-water."  an«l  is  usually  boiled  down  in  triple  etl'ect-  and  run  in  with 
the  lower-iiTade  prodnets.  After  rnnniiiLi  additional  hot  \\ater  through,  the 
filters  are  draiiK  d,  and  the  moist  char,  after  a  partial  drying,  is  put  into  the 
top  of  the  vertical  retorts,  in  which  it  is  to  be  heated  out  of  access  of  air 
for  the  decomposition  of  the  organic  matter  -till  remaining  in  the  pon-  and 
the  restoration  of  its  absorbent  power.  Various  forms  of  char-kilns  are  in 
use  in  dilTerent  refineries.  That  shown  in  Fi«r.  ~>  \  represents  one  of  t  Ill- 
simpler  forms  of  char-kilns.  The  moist  spent  black  from  the  filter-  in 
which  it  was  washed  goes  on  to  the  floor  77,  where  it  i-  dried  by  the  \\a-te 
heat  pa.-sin<r  through  (i  and  /•',  and  then  <n>es  into  the  openings  at  ./,  \\hieh 
are  kept  always  heaped  up.  The  black  descends  in  the  retort-pipe-  .1  from 
the  upper  cooler  portions  into  the  middle  hottest  part,  and  then,  as  portion- 
are  withdrawn  below,  into  a  cooler  section  ajiain.  The  black  drawn  oil'  below 
is  protected  from  the  air  by  being  received  into  clo.-(  d  receptacles  or  at  once 
filled  into  the  bone-black-filters.  In  other  forms  of  kilns,  the  retorts  are 
rotated  slowly  by  mechanism  so  as  to  heat  all  part-  equally. 

In  beet-sugar  refineries  the  revivifying  of  the  char,  a-  l.efoiv  Mated,  is  a 
more  tedious  process.  This  is  in  part  becaii-e  the  juices  and  -yrup-  have 
been  limed  in  such  excess  in  the  preliminary  stages  of  treatment,  and  in 
part  because  the  beet  juice  contains  much  more  albuminoid  and  organic 
non-snirar,  which  is  absorbed  in  the  pores  of  the  char  and  cannot  be  gotten 
rid  of  by  simple  washing.  The  first  step  in  the  revivifying,  then,  in  this 
case,  is  a  treatment  with  a  calculated  amount  of  hydrochloric  acid  to  remove 
the  excess  of  carbonate  of  lime;  after  this  a  thorough  \\a-hing  of  the  black 
in  special  washing-machines,  such  as  the  Klnsemann  \\a-hcr,  shown  in  1 
55  ;  then  a  fermentation  to  decompose  into  simpler  and  soluble  constituent- 
the  absorbed  albuminoids  and  other  organic  matter.  The  fermentation  may 
be  either  what  is  termed  the  dry  fermentation,  in  the  presence  of  a  very 
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FIG.  55. 


PRODUCTS  OF  MANUFACTUK1  1  i  , 

small  quantity  of  water,  Or  the  nioi-t  I'.  -rin.  ntat  i«'ii  in  the  j. 

amount.      Tin-   fir-t    take-  from   tuel\<    t«.  t\\eiu\    hour-,  \\hile  tin-    lati 

quires  from  so  to  seven  lionr-onl\.     'I'll.-  black,  after  th.  fermentotioQ*  ii 

treated  with  boiling  alkaline  -ohition-,  \\a-ln-d.  an.  I  then  burm-d  in  char-kilns 
a.-  already  de,-erihed.      The  char  Beam  to  improve  in  tillerm-  JM.  \\.-r  :,• 
as  a  con-ei|iicmv  of  revivify  in-,  hut  -.>,,n  loses  again  and  run-  do\\  n  -teadilv 
in  value.      Tin-  i-  in  large  part  due  to  th«-  -eparation  mil   in  tin-  pon  -  ,,!'  ,-ar- 
honi/cd   residue  from  the  burning.      Thi.-  carbon   ha-  in.  •!<•«•..  |..ri/ 
like  the  nitro-eni/ed  eai'hun  ,,f  the  m-i-inal  lM,n«--l.laek,  hut  -imply  «•!.,--  the 
of  the  t-liar  and  ineehanieally  ul»-tnn-t-  it-  a«-ii,,n. 

HE.   Products  of  Manufacture. 


1.   \\.\\v  SUGARS.  —  The  conipo-itinn  <>f  the  jui<-<-  iVniii  Ix.th  the  sugar- 
cane and  the  SUgur-lxH't  ha-  he,  n  -tated,  and  the  pr<,,-,—  ,-  ti.r  preparin;:  tin- 
raw  sugar  from  each  of  these  sources.      \\V  may  M..W  .-\amine  m.,)-.   .-l.,-.-|v 
the  eharaetei-  of  the  pr<>«luets  nhtained.      The   i-;l\\   cane—  u-jar.  made  a-   it   i- 
ehieily  in   the   tropics   under  a  variety  of  condition-   «>f   unrUin-j-,   1'rom    the 
mo>t  |)!-iinitive  to  the  mo-t  highly  imprnvrd,  has  e«.me  into  cominere.-  under 
a  -ivat  variety  of  iiaim-s  a<  well  as  nf  varying  ^radr<  of  purity.      Th- 
in-el -sugar  is  usually  known  as  iir-t,  .-,(•«.  nd,  or  third   produet  -ii-jar. 
1».   136.) 

Muxrnmdo  is  a  In-own  .-iiLiai1  produee<l  iii  the  \\'<-t  In<li.-,  MI  nerally  by 
open-pan  iMiiiin^,  which  has  heen  drained  in  ho^-heads  or  perforat-d  ea-k-, 
and  -o  freed  in  larjrc  part  from  tin-  aOOOmpanjing  molasses. 

<  'ixsvnade  is  a  name  formerly  applied  in  the  Fnneh  colonies  to  musco- 
vado sugars. 

M'/ada  is  a  moister  In-own  su^ar,  {inMluc'ed  like  the  muscovado,  hut  not 
drained  free  from  molasses. 

<  'inn'1-cte,  or  concreted  sugar,  is  the  product  of  the  Fryer  coin  n  tor  (see 
p.  PJX)  or  similar  form  of  apparatus,  and  is  a  compart,  hoiled-down  mass, 
containing  both  the  crystalli/ahle  sii^arand    impurities  which  ordinarily  ^o 
into  the  molasses.     It  shows  little  or  no  distinct  grain. 

(lujicil  fttit/tn-x  have  hcen  freed  from  the  dark  nmlassrs  hy  (-overing  them 
in  moulds  by  moist  clay,  which  allows  ol'  a  gradual  washing  and  displace- 
ment of  the  adhering  syrup. 

Bastard*  is  the  name  given  to  an  impure  sugar  gotten  by  concentrating 
molasses  and  allowing  to  crystallize  slowly  in  moulds. 

Jfi'/t/i'ri/  is  the  name  given  to  a  very  impure  Kast  Indian  palm-sugar, 
sometimes  refined  in  England,  but  chicHy  consumed  in  the  country  of  its 
production. 

Demerit  r<t  crystals  are  the  product  of  the  best  vacuum-pan  boiling  and 
have  heen  well  purged  in  the  centrifugals.  They  have  the  light  yellow 
bloom  due  to  treatment  with  sulphuric  acid.  (See  p.  \'2~>.) 

These  Demerara  crystals  have  also  been  brought  to  the  United  States 
with  very  dark  brown  color.  This,  however.  \\a-  only  -iiperticial,  and 
was  capable  of  removal  by  centrifngaiim:  with  a  uVhter-OOlored  syrup. 
The  dark  color  was  imparted  like  the  yellow  bloom  by  the  action  of  su  I  - 
phuric  acid  added  in  the  vacuum-pan  l>efore  discharging  the  contents  of 
the  same. 

The  composition  of  a  variety  of  raw  cane-  and  be<  -t  —  u-ai  -  n  in 

the  accompanying  table  : 

10 
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DESCRIPTION  OF  SUGAR. 

Sucrose. 

Glucose. 

Organic 
non- 
sugar. 

Ash. 

Water. 

Authority. 

Cane,  Cuba  (centrif.)  .  .  . 
Cuba  (muscovado)  . 
Jamaica       

91.90 
92.35 
9040 

2.98 
3.38 
3.47 

2.70 
0.66 
1.55 

0.72 
0.77 
0.36 

1.70 
2.84 
4.22 

Wigner  and  Harland. 
Wallace. 
Wigner  and  Harland. 

Trinidad 

8800 

514 

1  67 

0.96 

4.23 

Wigner  and  Harland. 

Porto  Rico  

87.50 

4.84 

2.60 

0.81 

4.25 

Wigner  and  Harland. 

St  Vincent         .  .  . 

92.50 

3.61 

2.45 

0.63 

0.81 

Wigner  and  Harland. 

90  80 

411 

077 

1  12 

320 

Wallace. 

Benares  
Unclayed  Manila  .  . 
Concrete   

94.50 
82.00 
84.20 

2.63 
6.79 
8.45 

0.39 
3.24 
1.70 

1.50 
2.00 
1.10 

0.98 
5.97 
4.55 

Wigner  and  Harland. 
Wigner  and  Harland. 
Wallace. 

Melada 

67.00 

11.36 

1.93 

0:91 

18.80 

Wallace. 

Bastards 

6830 

1500 

1  20 

150 

14.UO 

Wallace. 

Palm  East  Indian  

86.00 

2.19 

2.89 

2.88 

6.01 

Wigner  and  Harland- 

Beet,  First  product  .... 
"       Second  product  .  .  . 

94.17 
91.68 

2.14 
2.49 

1.48 
2.92 

221 
2.91 

Bodenbender. 
Bodenbender. 

2.  REFINED  SUGARS. — The  commercial  designations  of  refined  sugar 
are  very  varied.     We  may  distinguish  in  general  between  hard  sugars  and 
soft  sugars,  the  former  of  which  are  more  thoroughly  and  carefully  dried 
by  the  aid  of  artificial  heat,  while  the  latter  are  merely  centrifugated,  and 
so  retain  from  three  to  four  per  cent,  of  water  in  the  traces  of  syrup  ad- 
hering to  the  sugar.     To  the  former  class  belongs  sugar  "  crystals/'  or  sugar 
in  well-formed  individual  transparent  crystals,  which  are  as  pure  as  rock- 
candy,  as  well  as  loaf-sugar  in  the  forms  of  pulverized,  crushed,  granu- 
lated, and  cube  sugars.     To  the  latter  belong  what  are  called  grocery  sugars, 
of  which  the  finest  grades  are  called  A  sugars,  the  next  B  sugars,  and  so  on. 

In  Germany  the  finest  white-beet-sugars  are  known  as  "  raffinade," 
inferior  grades  as  "  melis"  (or  Brodzucker),  as  "  pile,"  and  as  "  farm,"  the 
last  of  which  is  of  inferior  grain  and  color. 

The  hard  sugars  in  general  all  show  a  sucrose  percentage  of  ninety-nine 
or  over,  while  the  soft  cane-sugars  and  the  second  grade  beet-sugars  show 
from  ninety-six  to  ninety-eight  per  cent. 

3.  MOLASSES    AND    CANE-SUGAR    SYRUPS. — The    molasses   may   be 
termed  the  mother-liquor  of  the  crystallized  product,  the  sugar.      It  is 
never  found  possible  in  practice,  however,  to  crystallize  all  the  sugar  out  or 
to  get  a  molasses  which  shall  not  contain  sucrose.     The  potash  salts,  and  in 
a  lesser  degree  the  calcium  salts,  which  are  present  in  the  crude  juice  are 
"  rnelassigenic," — that  is,  prevent  the  crystallization  of  a  certain  amount  of 
the  sucrose ;  the  invert  sugar,  or  glucose,  operates  in  the  same  way,  and  the 
long-continued  heating  of  the  sugar  solutions  also  has  the  effect  of  increas- 
ing the  molasses.     In   France,  for  instance,  the  rendement,  or  amount  of 
crystallized  sugar  obtainable  in  refining  of  raw  sugars,  is  calculated  by 
deducting  from  the  total  sucrose  twice  the  glucose,  and  from  three  to  five 
times  the  ash.     In  the  case  of  cane-sugars  the  ash  is  not  so  melassigenic,  not 
being  so  largely  composed  of  potassium  compounds  as  with  the  beet,  and  a 
deduction  of  one  and  a  half  times  the  glucose  is  considered  sufficient  to 
allow  for  that  impurity. 

The  experience  of  the  last  few  years  with  sorghum-sugar,  as  manu- 
factured by  the  United  States  Bureau  of  Agriculture  and  several  sorghum- 
sugar  factories  in  Kansas,  has  shown  that  this  rule  does  not  apply  to 
sorghum.  Professor  Swenson,  the  chemist  of  the  Parkinson  Company  at 
Fort  Scott,  Kansas,  finds  that  in  the  case  of  sorghum  juice  the  glucose  and 
other  solids,  known  as  "  non-sugar,"  prevent  only  two-fifths  of  their  weight 
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of  cane-siiLiar  fn>m    cry-talli/in;:,  >o  that    in   I  In-   -e.-i-on  of  1887,  instead  of 

there  beiu^  only  15  UJ  pound-  available  -u-jar  per  I f  «-am-  \\orki-d  a-  the 

analyse-    indicated    according   to   the   old    rule,  a-   a    matter   of   fart, 
pound-  were  obtained. 

lint  with  the  -iiLiar-cane  and  tin-  -u^-ir -I..  -  i  ti  tagC  •  •!'  -ucrose,  in 

both  tin-  raw  mola— e-  produced  in  the  i-\tra«-tii.n  of  the  -n-jar  fn.in  the 
juice  and  "  refined  mola— e-,"  tin-  -vrup  produced  in  tin-  pr«.«  .  —  of  r.  lining 
is  <|tiite  lai'ii'c.  Tin-  composition  of  tin-  lir-t.  -e,-nnd,  aiul  tliinl  inolaflBCS  OI 
the  Louisiana  rain-- nuar  plantation  ha-  aln-a«l\  !•«, n  ^ivcii  (><•»  |,. 

a>  well  a-  the  average  conipo-itiun  «»f  beet- t  nuilaaees.    The  following 

analysis  ni'  a  variety  of  molasses  will  further  illustrat.-  the  «lilli-r.  noes  ill 
the  several  grades: 


Sucrose. 

Glucose. 

Ash. 

organic 

lloli 

BflfU 

Water. 

Authority. 

/Vom  fugar-ctinc  : 
-vnip     .... 

627 

8.0 

10 

06 

277 

Wallace. 

:;•.'  i; 

:;.;«i 

2.5 

2.8 

Wallace. 

N'              .    .           .    . 

87.2 

8^i 

|  ', 

Wallace. 

iiKlimi  molasses    . 
I  'ark  molasses    

170 

•J"  t 

I'M) 

2.6 
5.0 

2.7 
10.0 

.•:  | 
20.0 

Wallace. 
neker. 

From  berts  : 
iL-ur  molasses    .  . 
-•ii;ar  molasses     .   . 
ugar  molasses    .  . 

46.7 
80.0 
55.0 

0.6 
Trace. 

13.2 
10.0 
12.0 

15A 

28.7 

Mfl 

20.0 

Wallace. 
1  Harland. 
•M  ker. 

I 

It  will  1)0  s<-en   fniin  those  analyses  that   the  pen-entage  of  sucrose  is 

usually  much  higher  in  the  boH-runt  in«»la*s<s,  which  i-  explained  l>y  the 
pereentau'e  ol'a>h  and  nr^anie  imn-^n^ar.  (  )n  the  other  hand,  the 
Lilneo^r,  or  invert  >iiii'ar,  is  larire  in  the  eane—uuar  molasses,  l.nt  alnm-t 
entirely  wanting  in  the  l>eet-<ni:ar  niula>se>.  The  latter,  however,  always 
contains  /v//////ox,,  another  variety  of  BUflU  al\\ay-  pre-.-nt  in  the  U-et  juiee, 
/H'fi'ii/K,  a  nitrogenous  ha-e,  and  pmteids.  The  propoi'tion  «>t'  -alt-  eon- 
tained  in  l»eet-root  niola— «•-  i-  u-ually  ten  to  li.nrteen  per  eent..  \\li.r.  a< 
reiiner's  molasses  from  eane-sii_i;-ar  rarely  contains  half  that  proportion. 

The  term  </r«  n    tii/riijt,  used  above,  is  niveii   t-»  the  -yrup  «-entril'u_ 
from  the  seennd  produ«-t<  in  the  refining  process. 

Gold<  it  si/riifi  is  produced  from  a  refiner'-  molasses  by  diluting,  filtering 
throuirh  bnne-blaek,  and  then  emieent rating. 

Tr.  "<•/<•  is  the  name  formerly  ^iven  to  the  d minings  from  the  dark 
niola— e-  sugars  called  l.a-tard-.  (See  p.  1  \~>.) 

(  a ne->  11  oar  mola— e-,  \\hen  retinnl  and  ln'on^lit  t"  the  eonditinii  of 
lijU'ht-eolnivd  >yrups,  forms  a  enmmon  article  of  dome-tic  eon-umption 
under  the  general  name  of  table  syrnp.  The  table  -\  ruj»-  of  the  p 
dav,  however,  cannot,  as  a  rule,  claim  to  be  -imple  pro<luct-  of'  the  refining 
process,  as  they  are  a Imo-t  alwav-  lar-jeK  admi\c<|  \\ith  the  cheaper  ^Ineos*. 
syrup,  and  the  cane--iiL:ar  product  in  them  i-  often  entirely  replaced  by 
this  latter.  A  -Income  product,  known  as  "mixing  -yi'iip,"  i-  .piite  ojH-nly 
><>ld  for  this  pnrp' 

lieet-sn^ar  molasses  is  not  adapted  for  n.-e  as  table  -yrup  on  account  of 
the  unpleasant  ta-te  and  <Mlor,  due  t«»  the  nitrogenous  principle-  present. 
It  i-.  Bfl  before  deseriU-d,  worke<l  for  the  extraction  of  the  sugar,  or  it  is 
fermented  for  alcohol. 

4.  MISCELLANEOUS  SIDE-PRODUCTS. — (1)  Exliausted  Residue  from  the 
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Sugar-cane  or  Sugar-beet. — The  character  of  this  residue  differs  very  greatly 
according  to  the  method  of  juice  extraction  which  has  been  followed.  The 
common  sugar-cane  residue  from  the  roll-mills,  known  as  "  bagasse/7  con- 
sists of  the  fibre  and  cellular  material  of  the  cane  still  enclosing  some  six 
per  cent,  of  sucrose,  or  about  one-third  of  the  total  eighteen  per  cent,  which 
the  fresh-cut  cane  contains.  It  is  very  largely  used  as  fuel  on  the  sugar 
plantations,  and  the  ash  serves  to  some  extent  as  fertilizing  material  for  the 
soil.  The  cane-fibre,  when  freed  more  fully  from  the  sugar  by  the  diffusion 
process,  has  been  proposed  as  a  source  of  paper-stock.  (See  p.  1 20.) 

Both  the  pressed  pulp  and  the  exhausted  diffusion-chips  from  the  sugar- 
beet  are  recognized  as  valuable  cattle  food.  Marcker  found  in  the  dried 
press-cake  1.227  per  cent,  of  nitrogen.  The  exhausted  chips  of  the  diffusion- 
cells  are  still  richer  in  nitrogen,  as  the  diffusion  process  does  not  extract  as 
much  nitrogenous  matter  as  the  method  of  crushing. 

(2)  Scums  and  Saturation  Press-cakes. — In  describing  the  production  of 
raw  cane-sugar  mention  was  made  of  the  scums,  which  had  at  one  time  been 
thrown  away,  but  which  when   filter-pressed  yielded  a  very  considerable 
additional  amount  of  sugar.     The  press-cake  obtained   in   this  treatment 
has  also  a  value.     It  contains  on  an  average  as  taken  from  the  press  45.17 
per  cent,  of  water,  15.67  per  cent,  of  ash,  3.49  per  cent,  of  phosphoric  anhy- 
dride, and  1.14  per  cent,  of  nitrogen,  or,  reckoned  on  the  dry  material,  28.56 
per  cent,  of  ash,  6.33  per  cent,  of  phosphoric  anhydride,  and  2.10  per  cent, 
of  nitrogen.     Its  value,  as  taken  from  the  press,  at  the  ruling  rates  for  fer- 
tilizing materials,  would   be  $10.64   per  ton.*     Where  the  carbonatation 
process  is  used,  and  the  excess  of  lime   removed  by  carbon  dioxide,  the 
scums  and  carbonate  of  lime  are  found  together  in  the  press-cake  gotten 
by  filtering.     In  the  experimental  tests  of  the  carbonatation  process  as  ap- 
plied to  cane-sugar  made  by  the  United  States  Department  of  Agriculture  at 
Fort  Scott,  Kansas,  in  1886,f  the  press-cake  obtained  after  saturation  and 
filtering  when  dried  was  found  to  contain  9.585  per  cent,  of  albuminoids 
and  17.45  per  cent,  of  other  organic  matter.     The  saturation  press-cake  of 
the  beet-sugar  process  does  not  contain  so  high  a  percentage  of  albuminoids, 
but  a  much  larger  amount  of  nitrogenous  compounds  remains  in  the  clari- 
fied juice,  giving  rise  to  the  escape  of  ammonia  on  concentration  in  the  vacuum- 
pan  and  showing  itself  in  the  molasses. 

(3)  Exhausted  Bone-black. — The  bone-black  after  repeated  revivifying 
(see  p.  143)  becomes  at  last  valueless  for  filtration  purposes  and  passes  out 
of  the  sugar-refinery,  going  to  the  manufacturer  of  fertilizers,  for  whom  it  is 
a  very  valuable  material.     The  more  calcium  phosphate  and  the  less  calcium 
carbonate  it  contains,  the  more  valuable  it  is  for  superphosphate  manufac- 
ture, as,  on  the  addition  of  sulphuric  acid,  the  liberated  phosphoric  acid  re- 
mains, adding  to  the  value  of  the  product,  while  the  carbonic  acid  is  driven 
off.     The  exhausted  bone-black  contains  on  an  average  thirteen  per  cent,  of 
calcium  carbonate,  sixty  to  seventy-four  per  cent,  of  calcium  phosphate,  four 
per  cent,  of  carbon,  and  four-tenths  to  six-tenths  per  cent,  of  nitrogen. 

(4)  Vinasse,  or  Molasses  Residues. — When  the  beet  molasses  is  fermented 
for  the  production  of  alcohol,  the  residual  liquor,  which  contains  all  the 
potash  salts  of  the  molasses,  is  known  in  French  as  "  vinasse,"  or  in  German 
as  "schlempe."     It  is  of  about  41°  B.  and  acid  in  reaction.     It  is  neutral- 


*  Bulletin  of  Department  of  Agriculture,  No.  11,  p.  16. 
f  Ibid.,  No.  14,  p.  54. 
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i/cd  with  calcium  carl»onati-  ;HH|    ill-  n   evaporated  down  !••  drvne--  an 

cilled.         The     Uack      poroll-     H  -i«  Illr   .-,  ,    ol  ,I;t  1  1|,  ,  |     ,,,|ltain-    thirty    t  .  .    t  111  !'t  \  -f»  Ve 


.nt.    of    pota  —  IHIII    earhonate,    .-ijlii.-.-ii    |..    i\\.ni\    p.  T   06Ht*  <lf  -odium 

earhonate,  ri-li!.,n  t.,  tw<m\-two  p,  r  .-.  m.  of  potassium  chloride,  -i\  t«. 

«  i-lit   |»i-r  <vnt.  .,!'  pota  —  inm  -nlphatc,  and    fifteen  to  t  unit  y-«  i-h' 
of  in-olnl>le  matter.       It   i-  .  \haiM<-d  with  hot   \\at-  T,  and  tin-  .  \t 
•  .rated    d.»\vn,  when    pota—inm    >nl|ilial«-   and     a!li-r\\  ar.U    >.N|iinn    .-ail 
sr|»arat<-  <»nt.      (  )\\  cooling,  |H,ta  —  inni  c|il..rid«-  and    |M>tu>Hiim  -tilpliat- 
talli/.c  <.nt,  and  tin-  mother-liquor  contain-  |»ota—  inni  carLoiiat.   a«lnn\.  d  \\  itli 
s.)in.-    M»diimi    rarlmnalf.       It     i-    po^il.lc    l»y  this  j^nidnal    «-\  aj.orat  i»n    and 
iVa.-tioiial    crystallization    to    ln-inu-    tin-  <-nid«-  |mta~li.--  to  a  purity  of  nin.  tv 
pfi-  cent.       [n  this  production  of  tD6  -<»lid  |H,ta-li.  -  iVom  the  niola—  4->  i. 
all    tin-    nitrogen    ol'  the   nmla—  •«•-    i-    lo-i.      '|o    |.r«  \.iit    tin-,   <  .    \'in<-,  nt,   a 
Frriii-h    chemist,  has    proposed   to  suhinit    the  evapoi-at«il  vina-^-   to  a  dry 
distillation  in-tead  of  calcination  in  the  air.      The  re-idne  of  thi-  di-tillatioii 
is   an    open    and  very  ponm>  coke  roiitainin^   all   the   mineral    -alt-   of  the 
mola—e-,  which   can   then   he  extract.  -d  a-  l»el'oi-c.      The  jinnln.  t-  ol'di-tilla- 
tion    are   an    illuminating   and    heating   nas,  ammonia    water,   and    a    -mall 
amount    of   tar.      The    ammonia    water     i-    the     ino-t     int.  -re-tin-     product. 

It  contains  besides  carbonate,  sulphide  and  evanide  of  ammonium,  methyl 
alcohol,  and  notable  <|nantitie>  i»t'  fcrimethylamine.     Thi-  latter  <~an  I 

composed  at  o_H)°  (  '.  l>y  dry  hydrochloric  acid  na-  into  methyl  chhu'ide  and 
ammonia,  and  on  pa—  in^  the  product-  throii«rh  a(jne<m-  hydrochloric  acid,  tin- 
methyl  chloride  n-ocs  through  nnal)-oi-l>c<l,  while  the  ammonia  i-  taken  up. 
The  iiH-thyl  chloride  is  of  "Teat  value  for  ice  machine-  and  for  the  manu- 
facture of  methylated  aniline  colors.  (S-c  p.  :',!»:',.)  The  proc«—  \\a-  «jnitc 
laru'dy  introduced,  hut  as  in  recent  years  the  mola—  e-  i-  \\orkcd  «.\  . 
siinar  in  increasing  amounts,  less  mola—e-  i-  t'ernu  nted,  and  hence  lc—  \  ina—  <• 
is  obtained. 

IV.   Analytical  Tests  and  Methods. 


1.  DETERMINATION-  OF  SUCROSE.  —  (A)  n^tn-nl  M*f/nul«.  —  Am.'nu  the 
most  important  physical  properties  of  many  of  the  varictie-  of  -n<jar-  i-  the 
]>o\ver  possessed  by  their  solutions  of  rotating  th«'  plane  of  polari/ation  to  the 
rijrht  or  the  left.  They  are  awonlin^ly  da—  ilie«l  a-  d<  \tro-rotato|-\,  la  No- 
rotatory,  or  oj)tically  inactive  in  case  no  power  of  circular  polari/ation  is 
manifested.  This  property  as  possessed  l>y  solution-  of  cam 
deviating  the  polnri/cd  rav  in  a  fixed  and  definite  degr  made 

the  basis  of  the  method  of  analvsis  l>\  mean-  of  polari-cnpr-.  The  funda- 
mental idea  involved  in  these  instruments  is  to  <-omj>ensate  for  and  -o  d.  - 
termine  the  optical  rotatory  power  of  -ii'jar  -olntion-  of  unknown  -f 
by  the  corresponding  circular  poluri/.iiu:  action  of  (jnart/  plates  «.t'  known 
thickness,  and  hence  of  known  power.  The  earlie-t  of'  polari-- 
the  Mit.-cherlich  instrument,  hut  tho-e  now  in  n-c  t'or  sui:ar  analy-i-  an- 
either  the  Soleil-\Teut/ke-Scheihlei-,  the  Soleil-I  )nl>o-<|,  the  Laurent  -hadow 
instrument,  or  the  Schmidt  and  I  laen-eh,  w  hich  la-t  claim-  to  combine  the 
best  features  of  the  Soleil  and  the  Laurent  in-trnm«  nts.  A  general  view- 
arid  a  longitudinal  section  of  this  in-tnmicnt  i-  ^ivi-u  in  Fii:.  ">«J.  The 
glass  tube  containing  the  sugar  -olntion  i-  -how  n  lyinir  in  the  axi-  nf  the  tele- 
scope  and  the  polarixing  pri>ms.  To  the  right  l>elow  i-  shown  the  polar- 
izing prism  (the  -o-ealled  .JelleM  'ornu  prism),  to  the  left  i-  the  analy/ing 
prism,  a  ijiiartz  plate,  quart/  wed-«-  of  opposite  rotatory  power,  and  the  j.  n-  .- 
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of  the  telescope,  with  a  plate  of  bichromate  of  potash  to  correct  for  any 
color  in  the  field.  In  this  instrument,  which  uses  white  light,  the  field  of 
view  is  a  circle,  which,  with  the  instrument  at  0°  and  nothing  intercepting 
the  light,  is  of  a  uniform  gray  tint.  When  a  sugar  solution  is  interposed, 
one-half  of  the  circle  becomes  darker  than  the  other,  and  the  quartz  wedges, 
controlled  by  the  screw  shown  underneath,  must  be  moved  to  compensate  for 
the  rotation  due  to  the  sugar  solution  and  to  restore  the  uniformity  of  tint.  The 
instrument  is  so  graduated  that  one  degree  of  displacement  on  the  scale  corre- 
sponds to  .26048  gramme  of  cane-sugar  dissolved  in  100  cubic  centimetres 
of  water  and  viewed  through  a  200-millimetre  tube.  Therefore  26.048 
grammes  of  the  sugar  to  be  analyzed  are  weighed  out.  If  chemically  pure 
and  anhydrous,  the  solution  of  the  strength  stated  should  read  one  hundred 

FIG.  66. 
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degrees  of  displacement,  or  one  hundred  per  cent,  of  sugar,  and  if  impure, 
correspondingly  less. 

In  the  application  of  polariscope  analysis  to  cane-sugars  two  cases  may 
arise :  first,  when  no  other  optically  active  substance  is  present,  and,  second, 
when  glucose  or  invert  sugar  is  also  present. 

(a)  Absence  of  other  Optically  Active  Substances. — The  weighed  sample  is 
dissolved  in  about  fifty  cubic  centimetres  of  water  in  a  flask  marked  for  one 
hundred  cubic  centimetres.  As  soon  as  the  sugar  is  all  dissolved,  a  few  cubic 
centimetres  of  a  solution  of  basic  acetate  of  lead  are  added,  and  two  or  three 
cubic  centimetres  of  cream  of  hydrated  alumina.  The  liquid  is  well  agitated, 
and  then  the  flask  is  filled  nearly  to  the  mark  on  the  neck  with  water  and 
the  froth  allowed  to  rise  to  the  surface,  when  it  is  flattened  by  the  addition 
of  a  drop  of  ether.  Water  is  now  added  exactly  to  the  mark,  the  contents 
of  the  flask  thoroughly  agitated,  and  the  liquid  filtered  through  a  dry 
filter.  In  the  case  of  very  dark  sugars,  purified  and  perfectly  dry  bone- 
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I. lark  ha-  been  added  fur  clai'i t\  in^  purpo-es.  H<.we\er,  it  i-  generally 
acknowledged  to  introdu.-,-  error  !>y  it-  al»m-ptimi  of  -mall  amount-  ..V 
sugar,  so  that  it  is  no\\.di-p«-n-ed  \\itli,  or  if  n-ed  mi  the  dry  filter,  tin-  tliM 
tliii-d  «.f  tin-  filtrate  i-  rejected  and  tin-  lain-  pm-timis  only  u>cd.  Allen* 
iineiid-  in-tead  the  u-e  of  -odium  -ulphite,  or  ^ulphuroti-  acid  solu- 
tion* The  tube  <»f  tin-  polarisrojM'  is  now  rin-ed  \\itli  tin-  clear  sugar 
solution  and  thru  filled  with  tin-  ,-anie,  the  open  end  dn-cd  witl. 
L:la—  plate  held  in  place  by  a  brass  cap,  which  i-  -«T«  \\<-d  <»n.  'i'h<-  tuln- 
containing  tliesu^arsoliitimi  is  tlu-n  plan-d  in  th.-  in>tniiii.-nt.  and  th«-  1«. \\.-r 
thinnlHScrew  turnwl  until  the  nnifnrmity  «»f  -hade  in  tin-  two  halves  of 

the  field  is  restored,  whei  th«-  Dumber  of  degrees  (or  pera-i, 

in  the  sample)  is  read  <>tl'  mi  the  seale. 

Presence  <>j  Gluoo*  ,  Im;  /•/  >'»/;////•,  or  <,fl,.  /•  Oy,//r»///j/  Active  Substance. 
he  action  of  acids  upon  eane->n-ar  has  already  IMN-H  Mated  to  cause  in-' 
version, — /.'..change  of  the  -uerose  into  dr\tro>«-  and  levulose.  IJoth  thc«se 
varieties  of  suears  differ  from  morose  in  their  optical  power.  If,  then,  the-*- 

alteration  products  accompany  the  snen.se  in  a  earn  --u-ar  -ample,  the  re-nlts 
of  the  polariseope  reading  may  be  vitiated.  S.me  \\riter-  havi-  held  that 
the  invert  sugar  present  in  raw  cane-sugars  and  syrups  i>  optirally  inactive, 
but  the  statement  seems  to  have  been  disproved  1,\  Mi-i  — 1.  Besides,  in 
raw  beet -sugars  and  syrups,  raffinose,  a  v«-ry  .-tnnii:'  de  \tro-rotaton*  sugar,  is 
found  vitiating  the  readings  for  eane— n^ar.  The  cornt-timi  of  the  original 
polarization  in  such  cases  is  most  generally  made  by  the  method  of  inver- 
sion proposed  by  Cler^et.  The  direct  polarization  is  taken  in  the  u-ual  wav, 
and  a  part  of  the  solution  remaining  from  the  one  hundred  eubie  centimetres 
prepared  for  this  test  is  put  into  a  50-cubic-centi metre  tla-k,  which  has  also 
a  55-cubic-centimetre  mark  on  the  neck.  Fifty  cubic  ci  ntimetre-  having 
been  taken,  five  cubic  eenti  met  res  of  c-oncentrated  hydrochloric  acid  i>a«lded, 
and  the  whole  heated  on  a  \vater-l >ath  to  70°  C.  for  some  ten  minute-.  This 
suffices  to  completely  invert  the  eane-suu-ar  present,  while  the  m-i^inal  invert 
sugar  is  unacted  on.  The  flask  is  then  cooled,  and  part  of  the  liuuid  is 
filled  into  a  220-millimetre  tube,  closed  by  glass  plates  at  both  enas  and 
provided  with  a  tubulure  in  the  side  so  that  a  thermometer  may  hang 
Suspended  in  the  liquid  when  the  observation  is  made.  The  reading  will 
generally  be  much  reduced  from  the  original  dextro-rotatory  reading,  and 
may  even  be  some  degrees  to  the  left.  If,  then,  S  n-pre-ent  the  sum  or 
difference  of  polariseope  readings  before  and  after  inversion  (ditlin  m  ,  it' 
both  are  to  the  right,  sum  if  the  second  reading  is  to  the  left),  T  the 
temperature  of  the  inverted  solution  when  polarized,  and  R  the  correct 

200  S 

percentage  sought,  72=  '     Clerget  has  also  prepared  an  elaborate  set 

28o  J. 

of  tables  which  make  the  use  of  the  formula  unnecessary.  (See  also  under 
molasses,  p.  155.) 

(E)  Chemical  Methods. — The  only  chemical  nictlnnl  for tbe determination 
of  cane-sugar  ever  resorted  to  is  the  inversion  of  the  cane-sugar,  neutr.di/.inur 
with  sodium  carbonate,  and  determination  of  the  reducing  Migar  so  obtain* -d 
by  the  method  to  be  described  under  the  next  head.  The  inversion  take- 
place  in  definite  proportions,  so  that  nineteen  parts  of  sucrose  produce  twenty 
parts  of  the  invert  sugar.  When  invert  sugar  is  also  present  in  the  solution 

*  Commercial  Organic  Analysis,  2d  ed.,  vol.  i.  p.  201. 
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of  which  the  cane-sugar  is  to  be  determined  by  inversion,  the  former  is  first 
estimated  as  a  separate  operation,  and  then  a  portion  of  the  original  solution 
is  inverted,  and  the  total  invert  sugar,  including  that  formed  from  the  cane- 
sugar,  is  determined. 

2.  DETERMINATION  OF  GLUCOSE,  OR  INVERT  SUGAR. — The  oldest 
method  is  that  based  on  Trommer's  reaction  as  applied  to  sugar  analysis  by 
Barreswill  and  Fehling.  This  depends  upon  the  fact  that  an  alkaline  solu- 
tion of  copper  oxide  containing  a  fixed  organic  acid,  as  tartaric,  is  reduced 
with  the  separation  out  of  insoluble  cuprous  oxide  by  dextrose,  or  invert 
sugar,  while  cane-sugar  has  no  effect.  The  composition  of  a  standard 
Fehling's  solution,  as  it  is  called,  is  thus  given  by  Tollens :  *  34.639 
grammes  crystallized  copper  sulphate  are  dissolved  in  water  and  brought  to 
500  cubic  centimetres  ;  173  grammes  Rochelle  salt  and  60  grammes  sodium 
hydrate  are  also  dissolved  in  water  and  brought  to  500  cubic  centimetres. 
Equal  volumes  of  these  solutions  are  mixed  when  required  for  use  and  con- 
stitute the  correct  Fehling's  solution.  The  ready-prepared  Fehling's  solution 
changes  in  the  course  of  some  days  in  effective  power  even  when  kept  in  a 
cool  place  and  in  the  dark.  Ten  cubic  centimetres  of  the  Fehling's  solution 
given  above  correspond  to  .05  gramme  dextrose,  or  invert  sugar,  or  .0475 
gramme  cane-sugar  made  active  by  inversion.  For  technical  determinations 
merely  the  work  with  the  solution  can  be  volumetric ;  for  more  exact  scien- 
tific purposes  it  must  be  gravimetric,  weighing  the  copper  as  metal  or  as 
cupric  oxide.  In  carrying  out  the  volumetric  test,  the  sugar  solution  in 
which  glucose  is  to  be  determined  is  placed  in  a  burette.  If  dark,  it  may 
be  previously  cleared  with  a  small  quantity  of  bone-black,  or  if  it  be  some 
of  the  solution  prepared  for  polarization,  it  is  prepared  without  lead  solu- 
tion, an  aliquot  portion  taken  out  for  this  glucose  determination,  and  the 
remainder  treated  with  a  measured  quantity  of  the  lead  solution,  for  which 
allowance  is  made.  Any  lead  in  this  glucose  solution  must  be  eliminated 
thoroughly.  This  is  best  done  with  sulphurous  acid,  the  change  of  strength 
in  the  liquid  being  noted.  Ten  cubic  centimetres  of  the  mixed  Fehling's 
solution  are  now  measured  into  a  porcelain  dish,  diluted  with  twenty  or 
thirty  cubic  centimetres  of  water  and  brought  quickly  to  boiling,  when  the 
sugar  solution  is  run  in  two  cubic  centimetres  at  a  time,  boiling  between 
each  addition.  When  the  blue  color  has  nearly  disappeared  the  sugar 
solution  should  be  added,  in  small  amount  but  still  rapidly.  The  end  of 
the  reaction  is  reached  when  a  few  drops  of  the  supernatant  liquid  filtered 
into  a  mixture  of  acetic  acid  and  dilute  potassium  ferrocyanide  give  no  brown 
color. 

In  carrying  out  the  gravimetric  method  the  Fehling's  solution  remains 
in  excess,  while  the  precipitated  cuprous  oxide  is  carefully  filtered  off  and 
further  treated.  The  procedure  is  as  follows  :  Sixty  cubic  centimetres  of 
the  mixed  Fehling's  solution  and  thirty  cubic  centimetres  of  water  are  boiled 
up  in  a  beaker  glass,  twenty-five  cubic  centimetres  of  the  dextrose  solution 
of  approximately  one  per  cent,  strength  added,  and  the  mixture  again  boiled. 
It  is  then  filtered  with  the  aid  of  a  filter-pump  upon  a  Soxhlet  filter  (as- 
bestos layer  in  a  tared  funnel  of  narrow  cylinder  shape),  quickly  washed 
with  hot  water,  and  then  with  alcohol  and  ether,  and  dried.  The  as- 
bestos filter,  with  the  cuprous  oxide,  are  now  heated  with  a  small  flame, 
while  a  current  of  hydrogen  is  passed  into  the  funnel,  so  that  the  precipitate 

*  Handbuch  der  Kohlenhydrate,  1888,  p.  71. 
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i-   reduced    to   in*  ta!li«  -c,,p  |  HI-.        It    is  allowed   to  cool  ill  the  rlilTcllt  of  hydrO- 

-.11,  placed  I'm-  .-i  f,-w  minute-  <>\  .  r  -ulphurie  acid,  ;ui<l  then  weighei  A 
table  ha-  l"'ii  cMii-tnict.-d  by  Allilin  which  -ji\c-  in  milligramme*  tin- 
de\n-o-c  Corresponding  to  the  \\<-i-lit  of  roppi-r  loimd. 

Other  method-  liu-  the  determination  of  dc\tn,-i-  an-  tho-e  of  Paw, 
ii-ing  an  animoniacal  solution  of  the  l-'rlilin-j  iva-«  nt  ;  of  Knapp,  \\lio  uses 
an  alkaline  -olntion  of  cyanide  of  nieivury  ;  of  >;n  |,~,  ,  \\  1,,,  u~,  |  ;ui  alkaliur 
snlntion  i»l'  potaseio-mercoric  i«»li<l<-;  and  i»l'  Snldaini,  \sli<>  IM--  a  -<«luti<iu 
of  bssic  carbonaU*  of  copjHT  dissolved  in  |>ota—  -inm  bicarlx^nutc.  Tlii-  la-t 
na-nit  lia-  l»«vn  rcccntlv  .-irun^lv  r<>mmriid<-d  a-  1»«  -tin-  than  l-Yliliiiff'g 
solution,  in  that  it  is  more  x-n-itivr  t«»  ^Inrt.-.-  and  i-  iniK-h  1<—  -  atl«  t.d  l.\ 
<-an»-->iiL:ar  rvcn  al'trr  prnhm^r*!  Itoilin-. 

:;.  ANALYSIS  OF  COMMEBCIAL  K  \  \\  BUOAB&  —  Ka\\  .-ugars  contain, 
besides  the  canc-snuar,  invert  su^ar,  nioi>tnr<-,  mineral  -alt-,  organic  ii"ii- 
sugar,  and  insoluble  matt<ir.  K'a\\  brrt-^n^ars  contain,  in  addition  to  th«- 
sucrose  and  glucose  just  incntionrd,  small  <jiiantities  of  raffinose,  a  variety 
of  su«rar  t'onnd  in  the  beet  juiee  and  pi-esent  in  all  the  product-  fn.m  it. 

The  cane-su^ar  present  is  partly  crystallized  and  partly  UIKTVM  alii/able. 
Both  are,  of  course,  counted  together  in  tlie  jtolai'i/ation  liu-nre.-.  l>nt  only  tin- 
first  is  capable  of  extraction  in  the  refining  prnrr.--.  Tin-  method  «,!'  e-ti- 

mating  the  crystallized  cane-sn^ar  for  itself  will  be  described  later  on.     The 

polarizatk>O  methods  have  already  been  de-crilxd.  In  ra\\  -u^ar-  cmitaining 
much  invert  sugar,  such  as  tho-e  from  the  cane,  the  double  polari/atioii  (be- 
fore and  after  inversion)  is  alone  to  be  relict  1  upon. 

The  methods  for  glucose  have  also  been  dcscriU-d. 

The  determination  of  moisture  is  made  by  taking  live  grammes  of  the 
sample  and  drying  it  spread  out  on  a  weighed  watch-crystal  in  an  air-bath 
at  100°  to  110°  C.  until  it  ceases  to  lose  weight.  A-  mgan  containing  much 
glucose  cannot  stand  the  heat  without  some  alteration,  in  their  <  -a-e  a  lower 
temperature  (60°  to  90°  C.)  is  used.  For  very  syrupy  sugars  and  melados 
it  becomes  necessary  to  dry  with  the  addition  of  a  weighed  amount  of 
clean  sand.  Drying  in  a  vacuum  is  also  practised  in  many  cases,  as  the 
operation  is  shortened  and  less  risk  of  alteration  exists. 

The  mineral  salts  are  determined  as  ash.  The  following  analyses  give 
the  average  composition  of  raw  cane-  and  beet-sugar  ash  according  to  Moiiier  : 


Cane-sugar. 

Potassium  (and  sodium)  carbonate  ......    16.5  M.'  - 

Calcium  carbonate  .............    49.0  6.7 

Potassium  (and  sodium)  sulphate     ......    16.01  ... 

S.-dium  chloride   ..............      9.0  / 

Silica  and  alumina  .............      9.5  None. 

Tob~b  100.0 

(  )wing  to  this  decided  difference,  it  is  much  easier  to  get  the  ash  of  cane- 
sugars  completely  burned  and  in  weighable  condition  than  that  of  I 
sugars,  which  contain  so  much  of  the  deli.  (in-.  •«  -m  and  alkaline  carbonates. 
To  obviate  this  difficulty,  Scheibler  proposes  to  treat  the  suirar  with  sulphuric 
acid  before  igniting  it,  by  which  means  the  ash  obtained  contains  the  bases 
as  non-volatile,  difficultly  fusible  and  non-deliquescent  sulphates  instead  of 
as  carbonates.  A  deduction  of  one-tenth  of  the  weight  of  the  snlphated 
ash  must  be  made  in  this  case  for  the  increase  due  to  the  sulphuric  acid. 

*  BodenbeiuU-r  and  Scheller,  Zeitschrift  fur  Rubenzucke-,  1887.  p   138 
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The  soluble  and  insoluble  ash  are  often  distinguished  in  addition  to  total 
ash.  In  ordinary  commercial  analyses  of  sugars,  the  sum  of  the  cane-sugar, 
glucose,  ash,  and  water  is  subtracted  from  one  hundred,  and  the  difference 
called  organic  or  undetermined  matters.  This  would  include  both  the  solu- 
ble organic  impurities  and  the  insoluble  impurities,  such  as  fibre  and  parti- 
cles of  cane.  Two  processes  have  been  proposed  for  determining  the  solu- 
ble organic  impurities  separately  :  Walkoff's  method  of  precipitation  with 
tannin,  and  the  basic  acetate  of  lead  method.  Neither  method  is  in  very 
general  use. 

As  before  stated,  the  full  analysis  of  a  raw  sugar  will  not  give  any 
exact  measure  of  its  refining  value, — that  is,  of  the  amount  of  crystallized 
cane-sugar  that  can  be  extracted  from  it.  The  so-called  method  of  co- 
efficients adopted  in  France,  whereby  five  times  the  ash,  plus  once  or  twice 
the  glucose  percentage  subtracted  from  the  cane-sugar  percentage,  is  taken 
to  represent  the  crystallized  cane-sugar  obtainable,  is  not  much  to  be 
depended  upon.  The  true  refining  value,  or  rendement,  of  a  raw  sugar  can, 
however,  be  determined  by  a  special  procedure  first  proposed  by  Pay  en 
and  afterwards  improved  by  Scheibler.  The  process  depends  upon  the  fact 
that  if  raw  sugars  be  treated  with  a  saturated  alcoholic  solution  of  cane- 
sugar  acidified  with  acetic  acid,  the  coloring  matter  and  other  impurities, 
together  with  the  syrup  and  other  uncrystallizable  constituents,  are  removed, 
while  the  crystallized  sugar  remains  unchanged.  The  sugary  alcoholic 
liquids  are  then  displaced  by  absolute  alcohol.  Fig.  57  shows  the  arrange- 
ment of  vessels.  The  bottle  I  contains  eighty-five  per  cent,  alcohol,  to 
which  50  cubic  centimetres  of  acetic  acid  is  added  per  litre,  and  the  mixture 
allowed  to  stand  in  contact  with  an  excess  of  powdered  white  sugar  for  a 
day,  being  shaken  at  intervals ;  bottle  II,  alcohol  of  ninety-two  per  cent, 
saturated  as  the  other,  but  without  acetic  acid  ;  bottle  III,  alcohol  of  ninety- 
six  per  cent.,  also  saturated  with  sugar ;  and  bottle  IV,  a  mixture  of  two- 
thirds  absolute  alcohol  and  one-third  ether.  Of  the  sugars  to  be  examined, 
weights  are  taken  corresponding  to  the  polariscope  used,  placed  in  the  up- 
right tubes,  washed  with  the  successive  solutions,  and  dried  by  the  aid  of 
a  filter-pump  ready  for  use  in  the  polariscope  test.  In  carrying  out  the 
process,  the  alcohol  and  ether  mixture  is  first  run  in  that  it  may  take  up 
any  moisture  and  throw  out  the  sugar  that  such  moisture  may  have  dis- 
solved, then  successively  down  to  No.  I,  which  is  the  effective  washing 
solution.  This  is  then  displaced  by  Nos.  II,  III,  and  IV  in  succession. 
The  method  is  thoroughly  reliable,  but  great  care  must  be  taken  to  keep 
the  alcoholic  solutions  just  saturated  with  sugar  through  all  changes  of 
temperature. 

4.  ANALYSES  OF  MOLASSES  AXD  SYRUPS. — The  composition  of  both 
the  cane-sugar  and  the  beet-sugar  molasses  have  already  been  given  (see  p. 
147),  and  it  was  seen  that  they  differed  notably.  Both  still  contain  con- 
siderable quantities  of  sucrose,  but  for  different  reasons.  With  the  cane- 
sugar  molasses  because  of  the  invert  sugar,  with  the  beet-sugar  molasses 
because  of  the  melassigenic  salts.  In  either  case  the  polariscope  reading 
for  sucrose  must  be  corrected  by  inversion.  The  glucose  is  determined  as 
described  under  raw  sugars.  The  water  is  determined  by  weighing  out  a 
sample,  thinning  it  with  water,  putting  it  into  a  weighed  dish  with  clean 
sand,  and  drying  it  at  a  temperature  of  60°  C.  until  constant.  Drying  in 
a  partial  vacuum  also  facilitates  the  drying  off  of  the  moisture.  The  ash 
is  determined  as  with  raw  sugars,  sulphuric  acid  being  added,  and  the  bases 
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weighed  as  sulphates  in-trad  «.f  as  carl  .....  at.-,  ill,,  proper  correction  being 

made.      The  or-anir   non-sugar  is  simj.lv  taL-n    |,N   dillnvm-,.  a-  \\itl. 

Mi-ars.    The  determination  of  raffino0e  in  raw  U-<-t-~  ,d  particularly 

in    beet-molusscs,    ha-   attracted    nni,-h    attention    in    |,  -        \.lt" 

has  suggested  a  \\a\  for  det.  nniniii'j  it  in  tin-  |uv-<m<  ofcane-eugar  in  oon- 
nrcti(,n    with    the   method   of   invenfolk        1I«-    lin«l-    that    \\liil.-   .-anr-gugar 
100°  to    tlir    ri-ht    before    inv.  i-ion     |.o|ari/«u   32°  to    the  left 


a!M    inversion,  a  changtM)f  1:J'J°,  latlino-,    chaogd   from  100°  to  50.7° 


Fio.  67. 


only,  a  change  of  49.3°.  He  proposes  two  formulas  :  A  =z  +  1.57  /?,  and 
c=1.322  +  1.57  /JX.493,  in  \vhi.-h  .1  is  the  direct  polarization,  c  the 
polarization  after  inversion,  z  the  percentage  of  cane-sugar,  and  R  that  of 
raffinose.  From  these  formulas,  ^1  and  c  being  kin-un,  :  and  R  can  be 
found.  The  reading  after  inversion  must  be  taken  uniformly  at  20°  C. 

5.  ANALYSES    OF    SUGAR-CANES    AND    SUGAR-BEETS    AND    KA\V 
JUICES  THEREFROM.  —  The  very  different  physical  characters  of  the  sugar- 


*  Zeitschrift  fur  Rubcnzucker,  vol.  xxxvii.  p.  168. 
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cane  and  the  sugar-beet,  the  one  a  bamboo-like  shell  enclosing  a  woody  pith, 
and  the  other  a  soft  root  easily  brought  into  pulpy  consistency,  make  the 
work  upon  them  quite  different.  In  the  case  of  the  cane,  the  samples  to 
be  analyzed  are  weighed  and  then  pressed  between  rolls,  moistened  with 
hot  water  and  again  pressed,  and  this  repeated  several  times.  The  ex- 
hausted stalk,  or  "  bagasse,"  is  usually  not  further  examined,  but  in  the  juice 
the  sucrose,  glucose,  ash,  and  organic  non-sugar  are  determined  as  before 
described.  In  all  analyses  of  raw  cane  juices  the  percentage  of  total  solids 
is  determined  by  the  Brix  saccharometer  or  "  spindle."  The  form  of 
hydrometer  in  most  general  use  is  known  as  the  Balling  or  Brix,  and  its 
readings  indicate  directly  the  percentage  of  impure  sugar  or  solid  matter 
dissolved.  Sets  of  tables  also  allow  of  the  conversion  of  the  Brix  scale 
into  direct  specific  gravity  figures.  (See  Appendix,  p.  487.)  With  the  aid  of 
the  specific  gravity  determination  it  is  possible  to  make  a  rapid  analysis  of 
raw  juice  without  weighing.  The  method  adopted  by  Crampton,*  one  of 
the  chemists  of  the  United  States  Bureau  of  Agriculture,  for  this  analysis 
is  to  measure  out  a  certain  volume  of  the  juice,  add  lead  solution,  make  up 
to  another  definite  volume,  polarize,  and  apply  the  correction  for  specific 

fravity  to  the  reading  obtained.  A  set  of  tables  for  this  correction  and  the 
ictor  needed  in  the  glucose  determination  are  given  by  Crampton. 

In  the  examination  of  sugar-beets,  the  system  of  pressing  and  moisten- 
ing with  hot  water  can  be  followed  for  the  extraction  of  the  juice,  but  the 
method  proposed  by  Scheibler  of  extracting  the  sugar  from  a  weighed 
quantity  of  the  pulp  by  the  aid  of  alcohol  is  much  better.  This  is 
accomplished  by  the  aid  of  a  Soxhlet  or  other  extractor  (see  p.  73)  con- 
nected with  an  upright  condenser.  After  complete  extraction  and  cooling 
the  necessary  amount  of  lead  solution  is  added,  and  the  liquid  brought  up 
to  the  mark  with  absolute  alcohol  and  then  polarized.  Degener  has  de- 
scribed a  still  simpler  form  of  extraction,  originally  suggested  by  Rapp,  in 
which  the  pulp  remains  in  the  alcoholic  solution  until  after  it  is  cleared 
with  the  lead  solution  and  brought  to  the  mark,  when  it  is  filtered  and 
polarized.  A  correction  must  in  this  case  be  applied  to  the  reading  on 
account  of  the  volume  occupied  by  the  pulp  in  the  measured  liquid. 

The  amount  of  dry  residue,  or  "  mark,"  of  the  beet  can  be  determined 
in  the  Scheibler  extraction  method  at  the  same  time  by  taking  the  exhausted 
residue,  drying  it  in  a  current  of  air,  and  weighing  it.  The  moisture  and 
ash  of  the  beet  are  determined  as  with  raw  sugars.  The  organic  non-sugar 
is  gotten  by  difference  or  by  one  of  the  methods  mentioned  under  raw  sugars 

6.  ANALYSES  OF  SIDE-PRODUCTS. — (a)  Of  Bone-black. — Careful  anal- 
yses of  both  fresh  char  and  that  which  is  in  use  are  needed  to  allow  of  the 
proper  control  in  filtration.  The  most  important  determinations  are  those 
of  water,  carbonate  of  lime,  carbon,  and  specific  gravity,  as  upon  the  changes 
in  these  depend  in  the  main  its  efficiency.  The  water  is  determined  by  dry- 
ing for  several  hours  at  140°  C.  The  sample  should  not  be  powdered. 
The  carbon  is  determined  by  treating  a  weighed  quantity  of  the  char  with 
pure  hydrochloric  acid,  with  the  aid  of  heat,  on  a  water-bath  until  the  soluble 
portions  have  been  dissolved,  diluting  and  filtering  upon  a  weighed  quanti- 
tative filter.  After  thorough  washing  with  hot  water,  the  filter  and  contents 
are  dried  at  100°,  placed  between  watch-glasses  and  weighed,  again  heated 
and  weighed  as  long  as  any  loss  of  weight  is  shown.  The  filter  and  carbon 

*  United  States  Bureau  of  Agriculture,  Bulletin  No.  15,  pp.  31-3"). 
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;nv  then  transferred  to  a  wei-hed  .-nir'l,  ,|.      Tin-  in-olu  hie  resi- 

due, taken    iVnin   tin-   piwi.,u-  \\.-i-ln,  i  the  lilti-r. 

the  amount  of  carbon.  Tin-  e-timatinii  of  «  arhmiate  ,,f  lim,.  in  case  the 
char  is  used  with  cane-sugar  m-  juic,--  i-  <»f  min-h  le—  iin|K)rtance  than  when 
tin-  rhar  is  used  with  beet-  In  the  t'..rni.-i-  ca-e,  th- 

oentage  decreases  at  tir-t.and  then  remains  iiearly  statkxiaiy,  in  th 

use  of  the  char,  while  in  the  latter  oftseil  would  increase  Htcadilv,  because  of 

the  more  thorough  liniin-j-  ami  earb.  matat  inn  t<»  whirli  the  bei  t  juices  are 
subjected,  were  it  nut  f  •!'  th,-  treatment  with  hydrochloric  a  -id  in  the  iwivi- 
f\  in-  «'f  the  char.  (See  p.  1  |:;.  ilnw  ..f  the  pr..|M  r  jud-jment  in  this 

>f   hydrochloric   acid,  it    becomes  necessary  in  u  \\.-ikiii-    t.. 

determine  carefully  the  amount  of  carbonate  "f  lim.    tak.-n   up  l.y  the  ,  har 
in  nsin^  !>.-f<.rc  Martini:  the  revivification.      It   i^  almost  universdly  d 
present  1)V  the  aid  of  the  ScheiMer  apparatus  -h«.\\n  in   I-'i-j-.  .",s.      Th- 
nial  (jiiantity  of  judveri/.ed  char  (  1  .7<rJ  ^rainnie-i  i^   plar«il    in  .1,  and   the 
tiihe  N  tilled  with  acid   to  the  mark  is  carefully  placed    in   the   bottle. 
then  tilled  with  water,  and  the  operator,  !>y  mean-  '.t'  the  enmpn  —  inn-hull). 
forces  the  liijnid  into  />  and  <\  which  conm-ci  at    the  ha-e,  until  it  re-ache-  a 
little  above  the  zero-point  in  <\  when   it    is  allowed    t<»  tl«.w  nut   l»\   n 
the  pinchcnek  at  y>  until  the  level  in  f  is  at  /.em.      The  -tnpjMT  n«»w 
placed  in  Ay  a  connection  with  />'  is   made   by  the  tube  /•.      It'  the  level   ,,f 
the  liquid  in  D  and  Care  then   unequal,  the  e«piality  may  IM-   iv-t,.n  d   b\ 
opening  the  cock  q  lor  a  lew  second-,  and  which   for  the  n-t  of  the  , 
tion  remains  closed.     The  vessel  .1  i-  now  held,  as  shown  in  the  cut.  -n  that 
the  acid  may  come  in  contact  with  the  char,  and  the  bottle  gently  >haken  to 
cause  the  acid  to  thoroughly  "iix  with  the  a—ay.     The  pressure  of  the  gas 
evolved  distends  the  rubber  ba«r  in  II  and  depresses  the  column  of  water  in 
C.     The  stopcock  p  is  now  opened  to  allow  the  water  in  />  to  flow  out  -ntli- 
ciently  rapidly  to  keep  the  level  in  f'and  1>  a<  near  the  snne  a-  pn—  ible 
during  the  progress  oi  the  determination.     \Vhi-n  all  the  o-a-  !  given 

ntV  and  the  level  of  the  liquid  in  ('  hcemne-  >tati«»nary,  //  i-  closed,  after 
bringing  the  water  in  D  to  the  same  level  as  that  in  <  '.  and  the  volume  and 
temperature  read  off.  A  set  of  table-  aeemnpanyin-j;  the  instrument  gives 
the  percentage  of  carbonate  <»f  lime  t'mm  the  volume  and  temperature  read- 
ingS.  Assuming  seven  per  <-«-nt.  to  be  the  normal  amount  of  ear  Inmate  of 
lime  in  the  char,  any  excess,  aa  shown  in  this  determination,  can  have  it- 
equivalent  in  hydrochloric  acid  of  kn<»\\n  -tivn^th  calculated,  and  thus  tin- 
acid  treatment  in  the  revivifying  process  can  In-  made  accurate. 


In  determining  >peeiti«-  gravity,  both  apparent  and  real  -jM-eiti*-  gravity 
(the  latter  after  boiling  the  char  with  di-tilL-d  water  to  di-placc  air)  are  to 
be  taken. 

(6)  Of  Scums,  Press-cakes,  and  Sucrates.  —  In  the  case  of  the  -emus  and 
press-cakes  obtained  in  the  manufacture  of  raw  sii-jar-,  their  chief  vain- 
the  lime  salts  thev  contain,  which,  notably  in  the  case  of  be.-t-u.jar-.  adapt 
them  for  use  as  fertili/inir  materials.  They.  hn\\,-ver.  contain  >nch  amount-"!' 
sugar,  either  mechanically  held,  or,  where  the  ewfoonatution  pi- 
used,  as  sucrates,  as  make  it  necessary  to  regularly  determine  the  sin-rose  in 
them.  In  thecascof  the  thin  -cum-  from  can.—  iiLiar  \\nrkin-_:.  thed,  termina- 
tion can  be  made  exactly  as  with  an  impure  juice  l»efn,c  d-  —  -ribed.  In  tin- 
case  of  the  heavier  pre—  cake-  from  bect—n-ar  wnrkin--,  re-nlting  tniin  c-ar- 
bonatation,  the  procedure  is  different.  Here  the  -u.  rate  of  lime  is  to  be  de- 
composed if  possible  without  decomposing  the  large  amount  of  accompanying 
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carbonate  of  lime.  This  is  done  by  careful  addition  of  acetic  acid,  con- 
trolling the  reaction  with  phenol-phthalei'n.  For  details  of  this  process, 
first  proposed  by  Sidersky,  see  Friihling  and  Schultz,  "Anleitung  ziir 
Zucker  Untersuchungen,"  3d  ed.,  p.  171. 


FIG.  58 


Sucrates,  resulting  from  the  working  of  molasses  for  sugar  by  either  of 
the  lime  or  strontium  processes  (see  p.  140),  are  analyzed  by  a  somewhat 
similar  procedure,  using  strong  acetic  acid  to  set  the  sugar  free  from  its 
combination  with  the  lime  or  strontia  and  phenol-phthalem  as  an  indicator. 
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STATIST  h  3: 


1.  PRODUCTION  OF  SUGAR  FROM  THE  CANE.  —  The  total  pnHlm-timi  nf  raw 
sugar  from  the  su^ar-cane  for  the  last  live  v«-urs  i>  thus  t-timat.  «!  l»\  \Villrt 
and  Gray.  (Louisiana  Planter  and  Sugar  Mann/<i>  •////•»/-,  April  5, 


1885-86. 

1886-87. 

1887-88. 

1888-tt. 

1889-W. 

Cuba     .    
Porto  Rico  

Tons. 
705,400 
64,000 

Tons. 

808,1  
98,000 

T.  M 

610,000 
00,000 

ROM 

680,000 
66,000 

Ton.. 
800,000 

70,000 

Trinidad    

49,200 

09,000 

60,000 

00^000 

60,000 

Barbadoes     

44,000 

66,000 

60,000 

60,000 

60,000 

.Jamaica    
:ua  and  St.  Kitt's  .    . 
Martinique  . 

17,000 
26,000 
88,000 

21,000 
26,000 

41,000 

60,000 

LV..OOO 

69^00 

88,000 
96,000 

:;S.<HN, 

80,000 

88^00 

(  iiiaili-l<)U]H' 

:;;  <><M> 

;,:,  IN  to 

60,000 

15,000 

60,000 

Demenira      .                    .    . 

111,800 

..000 

110,000 

108,000 

125,000 

Reunion    

86,000 

82,000 

26,000 

80,000 

Mauritius      

114,200 

101,800 

190,000 

125,000 

Java  

36: 

896,000 

:;.,J.,MM 

810,000 

British  India   

60,000 

60,000 

66,000 

60,000 

60,000 

Brazil    

186,000 

260,000 

190,000 

220,000 

150,000 

Manila,  Cebu,  and  Iloilo  . 
Louisiana         .    . 

186,000 
127,900 

180,000 
80,900 

174,000 
158,000 

210,000 
145,000 

180,000 
126,000 

Peru  

'JT.(HM) 

96,000 

80,000 

80,000 

80,000 

Egypt    
Sandwich  Islands    .... 

i 

66,000 

96,500 

60,000 
95,000 

85,000 
100,000 

86,000 

120,000 

86,0(>o 
120,000 

2,389,950 

2,345,550 

2,465,000 

2,254,000 

2,228,000 

16*0 
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The  sugar  production  of  Louisiana  for  1890-91  is  stated  to  have  been 
324,528,000  pounds,  or  162,264  tons. 

2.  Production  from  the  Sugar-beet. — The  world's  production  of  beet- 
sugar  for  the  five  years  beginning  1885  has  been  as  follows  : 


Germany 

Austro- Hungary 

France  .    .        

Russia 

Belgium 

Holland,  and  other  countries 


1885-86. 

Tons. 

838,105 

369,000 

298,407 

526,200 

48,420 

37.500 


1886-87. 

Tons. 

1,023,734 

555,300 

506,384 

480,854 

118,455 

69,552 


Tons. 
955,400 
408,000 
405,750 
435,361 
121,643 

70,538 


Tons. 
978,484 
525,000 
474,000 
500,000 
124,400 
68,746 

(estimated). 
Tons. 
1,260,000 
760,000 
780,000 
430,000 
220,000 
60,000 

2,117,632         2,754,299       2,396,692       2,670;630        3,510,000 
(Zeitsch.  fur  Angewandte  Chemie,  April  15,  1890.) 

Licht's  circular  (January,  1891)  gives  the  following  figures  for  beet- 
sugar  production : 


1889-90. 

German  Empire 1,264,607  tons. 

Austro-Hungary 787,989 

France    .    .    .    1 753,078 

Russia 456,711 

Belgium 221,480 

Holland 55,813 

Other  countries 80,000 


1890-91 
(estimated). 
1,335,000  tons. 
760,000 
700,000 
530,000 
200,000 
65,000 
80,000 


3,619,678 


3,670,000 


The  beet-sugar  production  of  the  United  States  is  thus  given  in  Ware's 
"  Sugar-Beet"  (May,  1891) : 


1887 200  tons. 

1888  .  .  1,800     " 


1889 3,000  tons. 

1890     .  ....  12,000    " 


3.   The  sugar  consumption  of  different  countries  for  the  year  1887,  as 
well  as  the  consumption  per  capita,  are  thus  stated  :  * 

Consumption.  Per  capita. 

England 1,179,000  tons.  66.57  pounds. 

United  States  of  America 1,397,000  47.19 

France 423,000  22.83 

Germany 445,000  18.64 

Austro-Hungary 250,000  11.08 

Russia 360,000  8.64 

Italy 100,000  7.19 

Spain 50,000  7.40 

Turkey 45,000  4.33 

Belgium 46,000  18.32 

Holland 45,000  19.94 

Norway  and  Sweden 44000  17.42 

Switzerland 40,000  21.37 

Denmark 36,000  19.05 

Portugal 16,000  9.00 

Roumania 13,000  3.86 

Greece 9,000  10.00 

Servia 4,000  2.94 

Montenegro 1,000  .    . 

Bulgaria 3.30 


*  Stammer,  Dingier  Polyt.  Journ.,  271,  p.  266. 
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CHAPTER  V. 

Till-:    iM.rsTRIES  OF   >i  \i:«  II    AM.    m     \i.ii.i:\l!"N    PBODUCIV, 

I.  Raw  Materials. 

STAI:<  ii  i-  one  of  the  nm-t  important,  as  well  as  most  widely  m-ciir: 
productions  of  the  vegetable  kingdom.  It  ••on-titnt.-.,  cither  wln-u  <  \tracted 
from  vegetable  raw  materials,  nr  nioiv  generally  in  admixture  \\illi  tin- 
other  plant  constituents,  the  staple  article  ot'  food  lor  the  <_rreat  bulk  of  the 
human  race.  It  is  only  necessary  in  call  attention  to  the  tart  that  the  prin- 
cipal cereal  Drains  u-rd  throughout  the  world  for  food  mntain  starch  as 
their  chief  ingredient,  and  that  thctnU-rs  of  many  plant-  and  the  M<  ins  and 
roots  of  some  trees  also  yield  starch  in  great  abundance. 

The  most  complete  enumeration   and  classification  of  stan-hcs  is  tha 
Muter  as  amplified  by  Allen*  and  Hlvth,f  by  which  they  an-  divided  into 
five  groups  on  the  basis  of  their  physical  and  microscopical  differences,  as 
follows : 

I.  The  potato  group  includes  such  oval  or  ovate  starches  as  give  a  play 
of  colors  when  examined  by  polari/ed  light  and  a  selcnite  plate  and  having 
the  hiluni  and  concentric  HULLS  clearly  visible.     It  includes  tout  les  m- 
canna  arrow-root,  potato  starch,  maranta,  or  St  Vincent  arrow-root,  Natai 
arrow-root,  and  curcuma  arrow-root. 

II.  The  /t'(/niniinnttt  xffirdu'x  comprise  such  round  or  oval  starches  a> 
little  or  no  color  with  polarized  li<;ht,  have  concentric  rinj^s  all  but  invi>iblc, 
though  becomiiiir  apparent  in  inanv  cases  on  treating  the  starch  with  chromic 
acid,  while  the  hilum  is  well  marked  and  cracked,  or  stellate.      It  includes 
the  starches  of  the  bean,  pea,  and  lentil. 

III.  The  irheat  yroujj  comprises  those  round  or  oval  starches  having 
both  hilum  and  concentric  rings  invisible  in  the  majority  of  grannies.     It 
includes  the  starches  of  wheat,  barley,  rye,  chestnut,  and  acorn,  and  a  variety 
of  starches  from  medicinal  plants,  such  as  jalap,  rhubarb.  .  «•!«•. 

IV.  The  8(tyo  (jmtip  comprises  those  starches  of  which  all  the  grannie- 
are  truncated  at  one  end.     It  includes  sago,  tapioca,  and  arum,  together  with 
the  starch  from   belladonna,  colchicnm,  scammony.  podophyllom,  canella, 
aconite,  ca— ia.  and  cinnamon. 

V.  The  rice  </r<>n/>.     In  this  group  all  the  starches  are  angular  or  polyg- 
onal in  form.      It  includes  oats,  rice,  buckwheat,  mai/.c,  dari,  jM-pper,  M 

as  ipecacuanha. 

In  addition  to  the  differences  in  form  and  markini:  mentioned  above,  the 
starch-granules  differ  in  size  according  to  their  different  sounvs.  so  that 
under  the  mieroscoj>e  they  can  be  diMin-ui-hed  by  the  measurement  of  the 
average  diameter  of  the  granule.  This  ranges,  according  to  Kannarsch, 
from  .01  to  .185  millimetre,  or  from  .0004  to  .0079  inch. 


*  Com.  Org.  Anal.,  2d  «!.,  vol.  i.  p.  335.     |  Blyth,  Foods,  Compos,  and  Anal.,  p.  139. 
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For  practical  purposes  we  may  now  speak  of  two  classes  only  of  these 
starch-containing  materials, — viz.,  the  cereals  and  the  plants  in  which  the 
starch  is  extracted  from  tubers,  roots,  or  stems,  such  as  potatoes  on  the  one 
hand,  and  the  West  Indian  starch  preparations,  like  arrow-root,  sago,  and 
tapioca,  on  the  other.  As  before  stated,  starch  is  the  chief  ingredient  in  the 
cereals,  but  not  at  all  the  only  one.  The  composition  of  the  more  impor- 
tant cereals  is  thus  given  by  Bell  :* 


CONSTITUENTS. 

Wheat. 
Winter 
sown. 

Wheat. 
Spring 
sown. 

Long- 
eared 
barley. 

English 
oats. 

Maize. 

Rye. 

Carolina 
rice 
(without 
husk). 

Fat 

1  48 

156 

1  03 

514 

358 

1  43 

0  19 

Starch  .... 

6371 

65.86 

6351 

4978 

6466 

61  87 

7766 

Sugar  (as  sucrose)       .  .  . 

257 

294 

1  34 

236 

1  94 

4  30 

0  38 

Albumen  (insoluble  in  alcohol)  

1070 

7.19 

8.18 

10.62 

9.67 

978 

794 

Nitrogenous  matter  (soluble  in  alcohol)  . 
Cellulose 

4.83 
303 

4.40 
293 

3.28 
7  28 

4.05 
1353 

4.60 
1  86 

5.09 
3  ''3 

1.40 

Mineral  matter    

1  60 

1  74 

2  :;•' 

266 

135 

1  So 

028 

Moisture 

r>  os 

1408 

1306 

11  86 

1234 

]•>  }.') 

12  15 

Total                     .  . 

10000 

10000 

10000 

10000 

10000 

10000 

10000 

The  chemical  formula  of  starch  is  (C6H10O5)n.  According  to  Tollens, 
confirmed  by  Mylius,  it  is  C^H^C^ ;  according  to  Brown  soluble  starch 
is  Cm'H.2WOm9  while  for  the  ordinary  variety  he  proposes  C^H^O^.  Nageli 
stated  that  by  subjecting  the  starch-granules  to  the  slow  action  of  saliva, 
salt  solutions,  and  dilute  acids  two  substances  could  be  shown  to  be  present, 
granulose,  which  dissolved,  and  cellulose  (or,  as  it  has  been  called,  farinose), 
which  remained.  Arthur  Meyer  considers  that  there  is  only  a  single  sub- 
stance originally  present,  and  that  the  cellulose,  or  farinose,  which  remains 
is  a  decomposition  product  of  the  starch. 

Air-dried  starch  always  retains  from  eighteen  to  twenty  per  cent,  of 
water.  It  is  soluble  in  cold  water,  alcohol,  ether,  ethereal  and  fatty  oils. 
When  it  is  heated  with  twelve  to  fifteen  times  its  bulk  of  water  to  55°  C.,  it 
begins  to  show  signs  of  change,  swelling  up,  and  at  a  temperature  of  from 
70°  to  80°  C.  (or  even  below  70°  C.  with  some  pure  starches)  the  granules 
burst  and  it  becomes  a  uniform  translucent  mass,  known  as  "  starch-paste," 
which  is  not,  however,  a  solution,  as  the  water  can  be  frozen  out  of  it. 
Boiled  with  water  for  a  long  time  it  goes  into  solution,  one  part  dissolving 
in  fifty  parts  of  water.  The  action  of  heat  upon  starch  is  to  change  it 
gradually  into  dextrine,  which  is  soluble  in  cold  water. 

One  of  the  best  known  of  the  reactions  of  starch  is  the  formation  of  a 
blue  color  with  iodine.  This  is  supposed  by  some  to  be  merely  a  physical 
combination,  but  more  generally  believed  now  to  be  a  chemical  compound. 
Mylius  finds  that  it  contains  about  eighteen  per  cent,  of  iodine,  partly  as 
hydrogen  iodide,  and  gives  it  the  formula  (C24H40O20I)4HL  Seyfert,  accept- 
ing the  same  formula  for  starch,  considers  that  the  iodine  compound  pos- 
sesses the  formula  (C24H40O20)6I7,  which  requires  18.61  per  cent,  of  iodine. 
It  is  not  very  stable,  being  decomposed  by  wrater  on  heating.  Neverthe- 
less, the  blue  coloration  is  constantly  availed  of  to  note  the  presence  or 
gradual  disappearance  or  alteration  of  starch  in  many  technical  processes. 


*  Bell,  The  Analysis  and  Adulteration  of  Foods,  Part  ii.  p.  86. 
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Tin-  action  of  dilute   acid-    IIJM.II   March   brin--  about  the  ehan-M- 
a-   "  hydrolysis,"  ami    there    i-    pn.du.  .d    ./, 

<    II   O6)  the  latter  eventually  88  sole  product     Man  ,t-.  like  -alivn, 

the    pancreatic    li-rment,    and    e-peeially    tin-    dia  malt.    pn«d:.- 

starch  a  .-Mincuhat  -imilar  change.  and  yield  ///////-,.  .  <      \\    <  >    .  and  a  number 
of  intermediate  product-.  lH-t\\.-en  tin-  and  March.  ,,  :l|  ,,f  ii 

Cation  ha-  Uvn  devoted  in  the-e   intermediate  produ.  t-.  and  M  \«-l  no  abflO- 

lllte  a-reemellt     lia-    U-.  -n    IVaehed    nil    tile    >l|l.jt-e|.         T|,,.   \\,  \\tt\\  ill'J    j-    tllC   t^ 

nl'  j»|-ndiict-  ..htaiiied  in  thi>  liv«lmlv«i-  «.!'  -taivh  a-  Mated  \>\     l'"lleIl.S  :* 


Si:in-li  ...............   gives  a  l)lu»'  i..diiM- 

Soluble  starch  (amylodeztrine)  .   .   .   .  gives  a  blu.  i 

r0rvtlnodextrin«  .....  gfrw  *  violet  u>d  red  Iodine  read 

Di-xtrino-i   <  m-hruodfjXtriM     .....  gives  \\»  indim-  n-iu-t'nni. 

(  maltndrxtrin.'  ......  givi->  im  i.xliiM-  r«-u«  ti-n. 

M:ilt"-"  .......   redooet  Fehllng't  tolatioa,  but  i 

Dextrose    ......   reduoei  Fehliog't  (olution,  and  *lio  Btrfoed't  ret 

Otln-r  eheini-t<  imtaMy  in<-rease  the  li-t  nf  tlie-e  intermediate  JH-.H! 
Tin-  existence  of  erythnxlcxtrinc  as  a  di-tinet  enm|»nim«l  i>  dmihtctl  l»y 
some  investigators,  who  consider  it  to  l»e  mnvlv  a  mixture  «»!'  aehroo-  or 
maltndextrine  with  a  little  snlnhle  stareh,  siu-li  a  mixture  jjivinjr  a  violet 
reaetinn  with  indine.  By  ovei'-treatment  with  acids  untennental.le  carbo- 
hydrate-, nf  a  character  dill'crin^  tn»m  any  nf  the  prndnet-  nam«-d.  apjM  ar 
to  t'orni.  The  name  ijullixin  has  heen  «:iven  t<»  a  enm|>nimd  «.t'  this  kiml, 
and  the  formula  CMHMOW  ascribed  in  it.  Km-  a  <le-eriptinn  of  the  oon- 
ditions  of  its  fnrmatiou  see  later  (p.  171). 

Strong  nitric  acid  in  the  cold  acts  npnn  -tardi,  producing  nitm  d«-rivu- 
tives,  such  as  mono-,  di-,  and  tetra-nitrn-amylnx-,  enlleetively  kimun  as 
xyloi'din.  Alkalies  and  alkaline  earths  form  enml>inatinn>  with  -tarch, 
the  barium  and  calcium  compounds  heino-  insoluble.  <>t'  which  advantage  IB 
taken  in  the  Asboth  method  for  determination  of  starch.  (See  p.  1  7 


n.   Processes  of  Manufacture. 

1.  EXTRACTION  AND  PURIFYING  OF  THK  STAIK-H. — of  the  various 
starch-containing  materials  before  enumerated,  mily  a  limited  number  are 
actually  ntilixed  for  the  extraction  <>{'  the  starch  in  a  pure  cmiditinu. — vix., 
maize,  wheat,  rice,  potatoes,  and  arrow-root.  In  the  United  States  ! 
the  greater  anmtmt  i^  obtained  from  maixe,  <»r  Indian  c«»ru.  a  limitetl  amount 
only  beini;-  extraete«l  from  wheat.  In  Kurope,  on  the  ( 'ontineiit,  potatoes 
serve  a<  tlr-  chief  starch-producing  matei-ial,  s  nue  aUo  beini:  extracted  from 
wheat  and  s  .me  from  rice,  while  in  the  \V.-t  Indie-  arrow-root  March  is 
manufactured  at  St.  Vincent  and  elsewhere. 

In   the   manufacture  of  corn  stareh.  after   winnowing  or  clean-in-.:   the 

corn  by  powerful    tims,   it  is  j)laced   in   lar^c  \\ 1. n   M.-epin_«:-vat-,  h«»ldiiiir 

from  one  thonsaml  to  six  thousand  buM'ieU.  It  remain-  here  c,.v.  iv<l  \\ith 
water  at  a  temperature  not  exceeding  1  !<»  !•'.  for  from  thi'<v  to  ten  days, 
the  water  being,  however,  renewed  every  six  hours,  and  care  beiu.ir  taken 
to  prevent  any  developiu'-nt  of  fermentation.  In  the  I)urur|1"  -y-t«  in.  a- 
practised  at  the  Glen  Cove  Starch  Works,  a  continuous  stream  of  \\at<  r, 

*  Tollens,  Kohlenhydrate,  Breslau,  1888,  p.  177. 
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heated  to  140°  F.,  flows  for  three  days  at  the  rate  of  ten  thousand  gallons  per 
day  through  oa.-'.i  tank,  after  which  the  corn  is  sufficiently  softened.  The 
softened  corn  is  now  ground  between  burr-stones,  a  stream  of  water  running; 
continuously  into  the  hopper  of  the  mill.  As  it  is  ground,  the  thin  paste 
is  carried  by  the  stream  of  water  upon  the  shakers,  or  sieves.  These  are 
either  revolving  sieves  or  horizontal  square  shaking  sieves.  The  starch-con- 
taining magma  is  generally  reground,  and  then  the  paste  is  passed  over  the 
starch-separators.  These  are  inclined  sieves  of  silk  bolting-cloth,  which  are 
kept  in  constant  motion  and  are  sprayed  with  jets  of  water.  The  starch 
passes  through  the  bolting-cloth  with  water  as  a  milky  fluid,  while  the 
coarser  cellular  tissue,  or  husk,  of  the  corn  is  left  behind.  This  residue  is 
pressed  to  remove  water,  and  sold  as  cattle  food.  The  water  from  the 
shakers  holding  the  starch  in  suspension  is  run  into  wooden  vats,  where  the 
starch  settles,  and  the  water  is  drawn  off  and  discarded.  The  starch  is  next 
thoroughly  agitated  with  fresh  water,  to  which  a  caustic  soda  solution  of 
7°  to  8°  Baume  has  been  added,  until  the  milky  liquid  has  changed  to  a 
greenish-yellow  color.  The  object  in  adding  the  alkali  is  to  dissolve  and 
remove  the  gluten  and  other  albuminoids,  oil,  etc.  After  sufficient  agita- 
tion and  treatment  with  alkali,  the  separated  starch  and  glutinous  matter  is 
allowed  to  deposit,  the  supernatant  solution  of  gluten,  oil,  etc.,  is  allowed 
to  run  to  waste,  and  the  impure  starch  washed  and  agitated  with  water.  It 
is  allowed  to  stand  at  rest  for  fifteen  to  twenty  minutes  to  permit  insoluble 
gluten  to  subside,  when  the  top  one  of  a  series  of  plugs  arranged  in  the 
side  of  the  vat  is  withdrawn,  and  the  starch  suspended  in  water  allowed  to 
flow  by  means  of  a  gutter  into  subsiding-vats  placed  below ;  then  the  next 
lower  plug  is  drawn,  and  so  on  until  the  last  plug  has  been  drawn.  The 
plugs  are  replaced  and  the  vats  again  filled  with  water,  and  the  operation 
repeated  as  before.  This  operation,  called  the  siphoning  process,  is  gener- 
ally repeated  three  times,  and  the  three  runnings  of  starch  are  collected  in 
three  separate  vats,  forming  the  three  grades  of  starch  of  the  factory.  These 
three  grades  of  factory  starch  are  again  agitated  with  water,  sieved  through 
bolting-cloth,  and  run  finally  as  purified  starch  into  wooden  "settlers." 
After  it  has  been  compacted  sufficiently,  which  is  effected  in  boxes  with 
perforated  bottoms,  it  is  cut  into  blocks  and  dried  upon  an  absorbent  sup- 
port of  plaster  of  Paris  while  heated  in  a  current  of  warm  air.  In  drying 
out  thoroughly,  any  remaining  impurities  come  to  the  surface  with  the 
escaping  moisture  and  form  a  yellowish  crust.  When  this  is  removed,  the 
interior  is  found  to  be  perfectly  white.  The  results  on  a  bushel  of  fifty- 
six  pounds  of  corn  are  thus  stated  by  Archbold :  * 

Starch  recovered 28.000  pounds. 

Dry  refuse  for  cattle  food 13.700      " 

Bran  (in  cleansing  process) 0.728      " 

Moisture  of  the  corn 5.626      " 

Loss  (albuminoids,  oil,  etc.) 7.946      " 

56.000      " 

In  the  Jebb  process  for  the  manufacture  of  starch  from  Indian  corn, 
recently  introduced,  the  use  of  alkali  is  entirely  avoided,  and  the  treatment 
shortened  and  simplified  by  effecting  a  mechanical  separation  of  both  the 
husk  and  the  germ  of  the  corn  before  the  starchy  part  of  the  corn  is  ground. 

*  Journ.  Soc.  Chern.  Ind.,  1887,  p.  82. 
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Tin-   Around    Im-k    and    -«  I'm    containm-    tin-   -Int.  n.    albuminoid-,    :tn<l    nil 
are  sold   for  cattle   food,  while   the   March    in  a  hi-jh    Btatft  of  pnrit\    i-   ft 
rately  -round  ami  prepared. 

hi    maniifaeiuniiL:    -larch    from  \\  heat    l\\o  ipiiti-  different    : 
followed,  ;H  -.  ••  >n  1  1  1  i-j  a-  Hi.    -Int.  ii  i-  t«»  be  obtained  as  a  M'de  -product  or  not. 
In  the  process  -.-n,  -rallx    kno\\  n  M  tin-  u  KWT,"  Of  N-nm-nial  i«  .11,  pr«Mi>s,  the 
-Inten  i-  wasted,       In  thi-  proee—  tin-  \\heat   i-  M«-eped    in   tank-  until  thor- 
oughly Softened,  then   crn-hed    in    roller-mill-,  an<l    pla«  •  d    !"i     fermentation 
in  larire  oaken  cistern*.      Tli<-  temperature  i-  li«-n-  maintain'  d  at  alniii! 
and  the  nprration  la<ts  sunn-  f'mirtrcn  day-,  tin-  ma—  U-in^  \\rll  -tirnil  dnr- 
inii-  its  r«,ntinnan<v.      Tlic  suir.ir  «»f  tin-  wli.-at    and    a    part  ..I'  tin-  March  are 

Converted  into  glucose,  \\hidi  undergoes  alcobotio  fi-rmrntatinn,  and  pa--.  -s 

l»y  oxidation  into  the  acetous  li-nncntation  aU..,  ac.  tic,  propi<,nir,  and  la 
aci«U  Ix'ini:  tinned.  The-.-  rapidly  atta«-k  and  di—  ..1\  «•  the  gluten,  liln-nitin^ 
the  MMivh-urannles.  Th(>  impure  liipmr  i-  drawn  nil'  from  the  March  matt, 
and  the  latter  is  washed,  either  in  hempen  sick-  \\hilr  IM-'IUM-  tr-nldrii  nnd.-r 
!o«,t  or  in  drums  with  perforated  >ide>.  Alter  rep<at.<l  \\a-hini:>  and  -  t- 
tlin.irs  and  r<'iie\\ed  sieving  thiv.iioh  line  hair  >ieve-  the  -tan-h  i-  >uHi<-iciitly 
purified.  Wheat  March  is  aUo  ol)taine<l  from  wheat  Hour  without  fernn  nta- 
tion  l)v  what  is  known  as  Martin's  pn.e.x,  in  whi<-h  a  .-till'  doiiLrh  i-  n. 
of  the  flour.  This  is  then  waM"ied  in  a  line  sieve  under  a  jet  «.f  \\at«  r  till 
all  the  starch  has  escaped  as  a  milky  fluid.  This  leave-  the  -Inten,  of  \\  hi«-h 
alioiit  twenty-live  per  cent,  of  the  weight  of  the  Hour  i-  n-.tt.  n  -nitaMe  f«»r 
n>r  in  the  manufacture  of  macaroni,  or  to  l.e  n-ed  inMead  of  alhninen  or 
ea-ein  in  calico-printing. 

In  the  manufacture  of  potato  starch,  the  potatoe-  are  waM"ied  and  then 
pulped  by  a  grating  or  raspintr  machine.  The  Lii':it«d  mass,  made  into  a 
paste  with  water,  then  pus  at  once  into  the  sieving  machine,  \\hen-  it  i< 
ruhlKxl  by  revolving  brushes  a^ain>t  the  wire  or  hair  side-  of  tin-  rotating 
cylinder,  while  a  current  of  water  is  continuously  washing  out  the  line  starch 
from  the  pulp.  The  sifted  and  washed  -larch  deposits  in  lar^e  tank-,  \\  : 
it  is  repeatedly  washed  by  agitation  and  settling  with  fiv-h  \\ater-.  It  is 
then  spread  out  on  absorbent  slabs  to  dry,  or  is  dried  in  centrifugal-  or  lilier- 
piv-ses. 

2.  MANUFACTURE  OF  GLUCOSE,  OR  GRAPI  -:->i  <-  M:.  —  A-  .Mated  on  a 
prec<-dinn:  pa<iv,  the  action  of  dilute  acid-  convert-  .March  into  d<  \trine, 
maltose,  and  dextrose,  the  last  of  which  beoontefl  l»y  <'ontinue<l  action  tin- 
sole  prtxliK-t.  As  it  is  also  the  most  important  product  of  thi-  action  of 


acids,  we  shall  take  it  up  first.  The  purified  March  obtained  a-  de-ci-ilx-d  in 
the  preceding  section,  while  yet  moist,  is  taken  for  the  treatment  with  a«  id<. 
Tl  ic  "  conversion"  is  accomplished  in  cither  op<-n  or  el..-ed  <  mivi-rtrrs,  or 
partly  in  one  and  partlv  in  the  other.  The  open  converter-  an-  \\o.  ,d»  n 
vats,  o-enerally  of  three  thoii.-and  to  fniir  thonsiiul  gallon-  <-apacity,  and 
serve  to  treat  the  starch  from  one  thousand  bushels  of  corn.  They  are  pro- 
vided with  copper  .Meam-coiU,  either  closed  or  perlorated.  Sulphuric  acid 
is  generally  employed  in  the  con\ci--i..n,  though  other  acid-  have  been  Qf 
The  quantity  of  the  acid  employed  varies  with  the  object  of  th<-  manufac- 
tuivr.  For  the  production  of  "glucose,"  a  liquid  pHxluct  which  contains 
much  dextrine,  a  .-mailer  (jnantity  is  used  than  when  solid  **  graiXJ-sugar*'  is 
to  be  produced,  in  which  the  cmm-i'-ion  into  <1.  -\tro-e  j.  mucn  more  com- 
plete. The  pro|)ortion  varies  from  one-half  pound  oil  of  vitriol  to  one  and 
a  quarter  pounds  per  hundred  pounds  of  starch.  When  the  open  converter 
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Fio.  59. 


is  used,  a  few  inches  of  water  is  introduced  and  the  acid  added,  or  half  the 
acid  may  be  added  to  the  starch  mixture.  The  acid  water  is  brought  to  a 
boil,  and  the  starch,  previously  mixed  with  water  to  a  gravity  of  from  18°  to 
21°  Baume,  is  slowly  pumped  in,  keeping  the  liquid  constantly  boiling. 
When  all  the  starch  has  been  introduced,  the  whole  is  boiled  until  the  iodine 
test  ceases  to  give  a  blue  color  and  shows  a  dark  cherry  color.  The  boiling 
is  usually  continued  for  about  four  hours.  The  closed  converters  may  be 
made  from  strong  wooden  vats  or  may  be  of  copper  ;  they  are  provided  with 
safety-valves,  and  are  made  of  sufficient  strength  to  stand  a  pressure  of  six 

atmospheres.  Fig. 
59  shows  the  form 
first  introduced  in 
this  country  by  T. 
A.  Hoffmann,  while 
Fig.  60  shows  the 
form  proposed  by 
Maubre  in  L  o  n- 
don.  In  thiscase  the 
starch  is  mixed  with 
water  to  a  gravity 
of  from  11°  to  16° 
Baume.  This  with 
the  acid  is  intro- 
duced into  the  con- 
verter, and  the  whole 
is  heated  under  a 
pressu re  of  f r o m 
forty-five  to  sev- 
enty-five pounds  per 
square  inch.  The 
time  required  for 
the  conversion  i  s 
much  shorter  than 
in  the  open  con- 
verters. The  use  of 
open  and  closed  con- 
verters successively  is  often  resorted  to.  The  starch  and  water  of  a  gravity 
of  15°  or  16°  Baume  is  first  boiled  in  the  open  converter  for  from  one  to 
two  hours,  then  transferred  to  the  closed  converter  and  boiled  under  a  press- 
ure of  from  forty-five  to  seventy-five  pounds  per  square  inch.  The  time  of 
this  boiling  varies  from  ten  minutes  to  half  an  hour. 

When  the  starch  has  been  sufficiently  converted,  according  to  the  product 
desired,  the  liquor  is  run  into  the  neutralizing-vats.  Here  a  sufficient  quan- 
tity of  marble-dust  is  added  to  completely  neutralize  the  sulphuric  acid.  A 
little  fine  bone-black  is  generally  added  at  the  same  time.  It  is  then  allowed 
to  cool  and  deposit  the  sulphate  of  lime.  The  liquor  having  a  gravity  of 
12°  to  18°  Baume,  and  known  as  "  light  liquor/7  is  next  filtered  through  bag 
filters  of  cotton  cloth  or  filter-presses.  In  many  establishments  the  liquor 
is  now  treated  with  sulphurous  acid  gas  to  prevent  fermentation,  and  prob- 
ably to  some  extent  to  act  as  a  bleaching  agent.  It  is  then  filtered  th rough 
bone-black,  by  which  it  is  decolorized  and  at  the  same  time  freed  from  vari- 
ous soluble  impurities.  Concentration  is  then  effected  in  the  vacuum-pan  at 
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a  temjM-ratnre  of  :tl>uiit  1  In-  !•'.  until   it   lias  a  gravity  of  from  28°  i- 

Uaiime,  \\lien  it  i>  called  "  li.-a\  \  li«|ii..r."  A  -••cond  |»n«:  <,r  tiller-press 
filtration  i>  no\\  iv-M.rted  to  in  man\  tact..)-!,  -,  t<.  n  IIP  .\  .-  tin  •  -ulj.liat.  •  .1'  lime, 
which  >epa  rates  out  at  tlii-  degree  "f  ••MM,-,  nt  rat  i«  .11.  It  i-  then  filtered  a 
second  time  through  bone-Mack  t«  :•.•••!.  n-i/atiun  and  puri- 

iicatiun.      '1'ln-   linal   c(.n<-cnti-ati«.n    i  -I    l»v  ImSlin^   tin-   li«jih»r  in   the 

vai-iiiini-pan  until  it  readies  40°  to  42°  JJiiiinn'-.  '1'liat  |n-M«lnri  in  \\liirli 
tin-  <-uiivrr>iMii  has  been  least  <-"inji|ctc  ivmain-  li«|iii«l,  and  i-  i-all«-d  %%'jlu- 

FIG.  60. 


cose"  in  the  trade;  that  which  is  ready  t<>  solidity  is  knuwn  as  "grajx*- 
sn'jai-."  Dr.  Arno  Behr  has  patented  a  prure-s  for  obtajniiiff  the  solid  gfBpe- 
-u-ai-  in  pure  crystals,  \\1iile  it  is  still  liquid  there  is  added  to  it  a  small 
<|iiantity  of  crystallized  anhydrous  dextrose.  The  mixture  is  filled  into 
mcuilds,  and  in  about  three  clays  it  is  found  to  be  a  solid  mass  of  erv-tals 
of  anhydrous  dextrose.  The  blocks  are  then  pi aeed  in  a  eeiitri filial  machine 
to  throw  out  the  still  liquid  syrup,  and  the  auhydmus  de\tn»se  remain-  as 
a  er\  stall ine  mass. 

3.  MANUFACTURE  OF  MALTCXSE. — By  the  action  of  the  diastase  of 
malt  upon  starch  is  formed  mainly  maltose.  I>ilute  sulphuric  acid  will 
convert  this  by  prolonged  boiling  into  dextrose,  but  diasta.-e  alone  will  not 
so  convert  it.  The  manufacture  of  maltose  on  a  lar^e  >. -ale  as  a  prepara- 
tion for  use  in  beer-brewing  to  simplify  the  preparation  of  a  suitable  \\.,rt 
has  been  attemjjted  bv  sev«-r.il.  Dnbrnntiint  and  Cuisinier  patented  a  pro- 
re—  in  1883  for  preparing  maltose,  either  as  syrup  or  crystallized,  by  the 
following  jn-ocedure:  One  part  of  green  or  partially  dried  malt  i-  \\armed 
with  two  to  three  parts  of  water,  digested  for  several  hours  at  30°  ('.,  and 
afterwards  filter-pressed  to  obtain  an  *' infusion"  of  malt.  One  part  of 
starch-flour  is  then  suspended  in  two  to  twelve  part-  of  water,  and  live  to 
ten  per  cent,  of  infusion  added,  the  whole  gradually  warmed  to  SO0  ('.,  then 
heated  under  a  pressure  of  one  and  a  half  atmospheres  for  thirty  minute-, 
quickly  cooled  to  4«S°  ( '.,  and  treated  with  live  to  twenty  per  cent,  of  infu- 
sion and  hydrochloric  acid  (from  six  to  twenty-five  cubic  centimetres  of  acid 
per  one  hundred  litres).  After  one  hour  the  mass  is  filtered  through  filter- 
paper  fastened  upon  linen  doth.  The  solution  is  allowed  to  stand  at  48°  C. 
for  twelve  to  fifteen  hours,  then  concentrated  to  2s0  B.,  filtered,  airain  concen- 
trated to  38°  B.,  filtered  through  animal  charcoal,  and  allowed  to  erystallixe. 
A  sample  of  the  syrup  made  from  corn-starch  by  the  Brussels  Maltose  <  '••m- 
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pany  working  under  this  patent  was  analyzed  by  Marcker,*  and  found  to 
contain  19.8  per  cent,  water,  78.7  per  cent,  maltose,  1.5  percent,  non-sugar, 
and  no  dextrine.  The  process  is,  however,  said  to  have  failed  as  yet  of 
commercial  success.  Saare,f  who  has  recently  investigated  it,  shows  that 
the  complete  conversion  into  maltose  only  takes  place  with  weak  mashes,  and 
he  concludes  from  his  results  that  the  process  is  not  suitable  for  German 
distilleries  under  the  present  conditions.  O'Sullivan  and  Valentin  |  have 
also  patented  a  process  for  producing  from  starch,  or  starch-yielding  sub- 
stances, preferably  from  rice,  a  compound  solid  body,  which  the  inventors 
term  "  dextrine-maltose,"  consisting  of  the  same  proportional  quantities  of 
dextrine  and  maltose  as  are  ordinarily  obtained  from  malt  by  a  properly-con- 
ducted mashing  process,  and  which  it  is  intended  should  replace  a  portion 
of  the  malt  used  in  brewing.  For  details,  see  original  article.  Perfectly 
pure  maltose  can  be  obtained  by  Herzfeld's  process  of  repeatedly  extracting 
with  alcohol  from  the  syrupy  product  of  the  action  of  malt  upon  starch. 
The  alcohol  precipitates  the  dextrine,  but  dissolves  the  maltose,  which  can 
then  be  obtained  in  crystalline  condition. 

4.  MANUFACTURE  OF  DEXTRINE. — This  may  be  effected  by  acting  upon 
starch  with  heat  alone,  by  the  action  of  dilute  acids  and  heat,  or  by  the 
action  of  diastase.     The  first  and  second  of  these  methods  are  followed  in 
preparing  the  solid  product.     In  the  manufacture  by  heat  alone  the  limits 
of  temperature  are  212°  to  250°  C.,  although  Payen  says  that  200°  to  210° 
C.  produces  the  most  perfectly  soluble  dextrine.     The  starch  is  heated  in 
revolving  drums,  which  are  frequently  double-jacketed,  and  contain  oil  in 
the  outer  space  in  order  to  insure  uniform  heating.     After  the  moisture  is 
given  off,  the  loss  of  weight  in  roasting  is  small,  two  hundred  and  twenty 
pounds  of  starch  giving  one  hundred  and  seventy-six  pounds  of  finished 
dextrine. 

In  the  manufacture  by  the  aid  of  acids  the  starch  is  mixed  with  dilute 
nitric  or  hydrochloric  acid  so  as  to  form  a  damp  powder.  This  is  exposed 
to  a  temperature  of  100°  to  120°  C.  until  the  transformation  is  complete, 
which  can  be  determined  by  applying  the  iodine  test  from  time  to  time. 
The  process  must  be  arrested  promptly  when  the  starch  is  all  changed,  or 
the  dextrine  will  pass  rapidly  into  glucose.  Oxalic  acid  is  also  sometimes 
employed  in  the  manufacture  of  dextrine. 

5.  MANUFACTURE  OF  SUGAR-COLORING  (Caramel,  or  Zucker-couleur). — 
Very  considerable  quantities  of  an  artificial  coloring  material  for  use  in 
coloring  beer,  rum,  cognac,  and  high  wines  is  -made  on  the  Continent  of 
Europe  from  starch.     For  the  manufacture  of  rum  and  cognac  coloring, 
starch  is  treated  with  dilute  sulphuric  acid,  as  before  described  for  the  manu- 
facture of  dextrose  and  dextrine  mixtures,  but  the  heating  is  continued  until 
all  the  dextrine  has  been  changed  into  dextrose,  as  determined  by  taking  a 
sample  from  time  to  time  and  testing  it  with  an  excess  of  ninety-six  per  cent. 
alcohol.     When  no  longer  any  turbidity  from  separated  dextrine  shows,  the 
reaction  is  considered  as  finished.     The  sulphuric  acid  is  then  neutralized 
with  carbonate  of  lime,  and  after  sufficient  standing  the  clear  liquor  is  run 
off  from  the  precipitated  sulphate  of  lime.     It  is  now  concentrated  to  36° 
B.  and  filtered.     The  hot  filtrate  is  then  run  into  a  vessel  provided  with 


*  Jahresber.  der  Chem.  Tech.,  1886,  p.  613. 
f  Dingier,  Polytech.  Journ.,  266.,  p.  418. 
J  Journ.  Soc.  Chem.  Ind.,  1888,  p.  446. 
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mechanical  agitation  and  heated  to  boiling,  \\  In  n  rrv-t:illi/«-<l  -oda  salt  (tl 

kilo-.  <>!'  MX  la  t ic  h  n  n<  I  red  ki|.»<.  of  Mi^ar  >olutioii)  i-  add-  d  in  -mall  |x»r- 

tion-  at  a  time.  The  content-  of  the  kettle  froth  and  niu-t  IM-  continuously 
-tiiTed.  White  ami  inflammable  vapor-  archive!!  oil' and  tin-  color  rapidly 
deepen-.  The  In-al  i-  im\\  -radnallv  Ic— em-d  to  pnvent  earlnmi/m^  of  the 
contents  nt  tin-  vessel,  and  the  culm-  i-  t<~t'd.  A  drop  ehill»d  \>\  bcin-j 
dropped  into  water  should  harden  and  In-  liritile  and  -hoidd  ta-te  l»itt«  i. 
The  content-;  of  the  kettle  an-  thm  moled  at  once  |i\-  ninniii'j  in  hot  \\ater. 

\Vhcll     the     production    ol'    the   color     j-     c.i|||j»li-|.-d.    the   contents   of    the     kettle 

ai'c  extracted  \\ith  \\ater,  nitered  to  remox'e  carlxuii/c<l  particles,  and  then 
ti  -ted  as  to  quality.  The  coloi-inLi  i.-  made  in  -e\eral  'ji-ad«  -  or  depth-  of 
color,  which  are  al.-o  differently  >olul>|c,  the  one  in  ~.  \ .  nt\ -fi\-e  JM-I-  cent, 
alcohol  and  the  other  in  ei<ditv  per  cent,  alcohol.  |-'or  hcer-  or  \viiie-mloriii" 

O  J       A 

it  is  not    nec»'ssar\'  to  lie  .-o  careful  to  use  a  -iiLiar    freed   JM  rfecth    tVi-m  d 
trim-,   nor  is  the  treatment  with   -oda    nece-sir\.      Simple  (-aramelixinj;   l»v 
lieat  will  suflice  t:>  produce  the  neec--ar\   color. 


HI.   Products. 

1.  STARCH. — The  properties  and  action  of  reagent-*  upon  .-larch  have 
already  been  noted  in  speaking  of  it  as  a  ra\v  material.  It  i>  oulv  nee.  --ar\ 
to  subjoin  a  few  analyses  of  commercial  Marches  in  order  to  -how  the  char- 
acter of  that  usually  obtainable.  Tho>c  of  potato  and  wheat  -larch  are  by 
•J.  Wolff,  as  quoted  in  "  Wagner's  Chemical  Technology,"  and  thoseof  com 
starch  arc  by  Dr.  Archbold.a-  ^iyen  by  him  in  the  "Journal  of  the 
of  Chemical  Industry,"  1S.S7,  p.  iss. 


PERCENT  A  «.r.  «'nMr«i-i- 

I'ntato 
stai'cli. 
(WullD 

Wheat 

starcli.  I. 
(\Volll.. 

Wln-iit              Ci-rn 
March.  II.         .-tan-li.  I. 
(Wi.ltr..       (Ari-hlMilil.) 

<'iirn 
Man-h.  II. 

(An-ht...l.l. 

('••ni 

Mnrrh.  III. 
•••M.) 

Stnrch 

83  r>0 

83.01 

B8 

00.33 

Gluten             .    .    . 

0.10 

l.M              ... 

\        A<>K 

Cellulose  . 

(K>0 

1    H 

3.77 

,     *M 

{     4'26 

Ash  

\Yat.T 

0.68 

15.38 

0.08 

1  1  :,•_' 

0.30 

1  4.1^0               1  •_'(> 

o.co 

4  14 

0.65 

1  77 

Total 

10000 

100.00 

100.00         100.00 

100.00 

100.00 

2.  GLIVOSK  AND  (iiJAi'K-sruAi:. — Starch-suuarap|>ears  ineommerev  in 
a  li'i'eat  variety  of  grades  and  under  a  similar  \"ariet\-  ol  name-.  A-  alnady 
said,  in  the  Ignited  State-  the  name  «Juco-c  i-  in  general  applied  t«»  the 
lii|iiid  products,  while  that  of  irrape-su^ar  i-  ^iyeii  to  the  solid  products. 
In  France,  where  lar^e  jpiantitic-  of  similar  prtwliK-t-  are  manntaetnnd.  th- 
liquid  product  is  known  as  "  >iroj)  cristal"  and  the  solid  product  '*  uluco-e 
ma-  The  followiiiLr  analyses  show  the  composition  of  the  commercial 

products,  the  first  live  beiui;  American  product-  a-  examined  by  the  ( 'oin- 
mittee  of  the  National  Acadcmv  of  Scicuc.-. '  and  the  la-t  t \\obcinj:  l-'n-neh 
as  examined  by  L.  von  Wanner  : 


1^.       N'UI         >»     ,l_ll'     I      .     | 

*  Report  on  GluooM,  \V:i-hini:t.»n.  1884,  p.  22. 
f  DingliT,  l'..lvti-1-h.  .Journ..  L'tiG,  j..  470. 
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PERCENTAGE  COMPO- 
SITION. 

I. 

(JlllCMSl1 

solution. 

II. 

filllCOSC 

solution. 

III. 
Glucose 
solution. 

Solid 
grape-sugar. 

Crystallized 
grape-sugar. 

"Sirop 
cristal." 

"  Glucose 
masse." 

Dextrose      .... 

36.5 

36.5 

39.0 

72.1 

99.4 

64.0 

64-66 

M  'lltose 

19  3 

7  6 

Dextrine  

29.8 

40.9 

41.4 

9.1 

21.0 

18-22 

Water  

14.2 

15.3 

19.3 

16.6 

0.6 

15.0 

15-18 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

I 

3.  MALTOSE. — Maltose  forms  fine  white  crystalline  needles  aggregating 
in  warty  groups,  which  have  a  faint  sweetish  taste.     It  is  soluble  in  water 
and  methyl  and  ethyl  alcohol,  but  more  difficultly  in  the  last  than  dextrose. 
Its  formula  is  CjJRaOw  and  it  crystallizes  with  one  molecule  of  water, 
which  it  loses  slowly  at  100°  C.  in  a  vacuum.     Its  specific  rotatory  power  is, 
according  to  Meissl,  (S)D  =  140.875  —  .01837  P  —  .095  T,  where  P  equals 
the  percentage  strength  of  the  solution  and  T  the  temperature.     A  ten  per 
cent,  solution  at  20°   C.  would  then   be   138.3°.     O'Sullivan  takes  it  as 
139.2°  for  a  ten  per  cent,  solution.     Its   reducing  power  with  Fehling's 
solution  is  frequently  stated  to  be  two-thirds  that  of  dextrose,  but  Brown 
and  Heron  as  well  as  O'Sullivan  make  it  more  exactly  sixty-two  per  cent, 
of  that  shown  by  dextrose.     It  has  no  action,  however,  upon  Barfoed's 
reagent  (see  p.  173),  which  is  reduced  by  dextrose.     Maltose  is  said  to  be 
directly  and  completely  fermentable  without  previous  change  into  dextrose, 
but  more  slowly  than  this  latter,  so  that  if  a  mixture  of  maltose  and  dex- 
trose be  fermented  with  yeast,  the  whole  of  the  dextrose  disappears  before 
the  former  sugar  is  acted  upon. 

4.  DEXTRINE. — Pure  dextrine  is  a  white  amorphous  solid.     It  is  taste- 
less, odorless,  and  non-volatile.     It  is  completely  soluble  in  cold  water,  but 
the  commercial  varieties  usually  leave  from  twelve  to  twenty  per  cent,  or 
even  more  of  starch  and  other  insoluble  residue  when  dissolved.     Heated 
with  dilute  acids  it  yields  maltose  and  ultimately  dextrose.     It  is  unferment- 
able  if  free  from  sugar.     It  has  no  reducing  power  on  Fehling's  solution. 
Probably  what  is  called  dextrine  is  a  mixture  of  products  obtained  in  the 
breaking  down  of  the  complex  starch-molecules.     Some  investigators  claim 
to  have  obtained  sixteen  distinct  modifications  or  varieties  of  dextrine  in 
this  way.     We  have  before  (see  p.  163)  alluded  to  amylodextrine,  erythro- 
dextrine,  achroodextrine,  and  maltodextrine. 

Commercial  dextrine,  or  "  British  gum,"  gives  a  brown  coloration  with 
iodine,  and  probably  consists  largely  of  erythrodex trine.  The  following 
analyses  by  fe.  Forster  give  an  idea  of  the  composition  of  the  dextrines  usu- 
ally obtainable : 


PERCENTAGE  COMPOSITION. 

First 
quality 
dextrose. 

Dark- 
burned 
starch. 

Brown 
dextrine. 

Gommel- 
ine. 

Old 
dextrine. 

Light- 
burned 
starch. 

Dextrine 

72  45 

70  43 

63  60 

59  71 

49  78 

5  34 

Su^ar 

8  77 

1  92 

7  67 

5  76 

1  42 

0  24 

Insoluble  

13  14 

19  97 

14  51 

2064 

30  80 

86  47 

Water 

5  64 

7  68 

14  22 

13  89 

18  00 

7  95 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 
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I>c\trine  i-  u-rd  ai  ;i  -iih-titutc  for  n:itiir:il  -urn-.  •  -p.-i-iallv  t'.-r  Lruni 
arable.  It  i-  thuSUSed  in  calicM-printin-  and  in  tin-  i  .....  dant  in-  ami  print- 
ing of  colors  npMii  most  other  ela—  <•-  of  te\ti!  .  j',,|-  itiiu-ila-j 

"•la/ini:  card-  and  pap«-r,  a-  \\arp-dn-—  in«r,  and  in  the  manufacture  of  beer. 
It  tiinn-  tin-  cru-t  on  bivad  by  tin-  change  of  the  -tan-h  of  the  tloiir  in 
baking,  and  i-  piv-ent  in  IIP-!  product-  from  -taivh  or  -tan-h—  n«jar. 

5.    UNFI.i:Mi.\  I  \i:i  I     CARBOHYDRATES    ((•'ttllixin).  —  Tin-    pr. 

an  nnfermentable  carbohydmte  in  starch-etiffar  wae  IMH-J  -in<-«-  p..;m.d  ..m 

l»y  <  )'Snlliv:m.  The  compound  which  ha-  0660  -p'-ciallv  -tudi«d  i-  known 
tt  -allisin,  and  is  prepared  by  ferment  in-  a  t\\«ut\  p<  r  .,nt.  -i.lini..n  i.t' 

starch-eugar  with  yeast  al  is    MI-  •_'<>    C.  for  five  or  six  days,     Th«  •  r«  -nltant 

li(|iiid  was  filtered,  evaporated  IM  a  -ynip  at  100°  ('.,  and  -haken  \\ith  -i 
lar*re  excess  of  al)solnte  alcohol.  The  treatment  uith  alcnhul  \\a-rej 
several  times  until  the  unaltered  -n-jar  and  otli.-r  inijinritie-  \\.  iv  r,  m..\.-d.  the 
syrup  heiiiL:'  converted  into  a  yellowish  emmUm-  meSS.  which,  l»\  pMimd- 
in^  in  a  mortar  with  a  mixture  of  eipial  part>  nf  alcohol  and  ether,  \\a- 
(•litained  a>  a  uray  powder.  After  pnrityinu  with  animal  charcoal  and  drv- 

in_ir  over  sulphuric  acid,  the  gallistn  was  obtained  M-  a  \\hite  amorphotu 

extremely  hygroscopic  powder.  It-  ta>te  i-  at  tir-t  BWeet,  l»nt  afl«-r\\ard- 
IM-COIUCS  insipid.  It  is  easily  decomposable  l»y  heat,  even  at  IMII  (  .  It  i- 
readily  -olnhlc  in  water,  nearly  insoluhle  in  ali-olnte  alcohol,  and  Imt  -liirhtly 
more  soluble  in  methyl  alcohol,  in  which  rcsjM'ct  it  differ-  fi..m  dextrose. 
(  lallisin  is  >tated  to  have  the  coni|)osition  (  \.,\  !._,,(  )„,.  Its  cMiicentrated  aipie- 
ous  solution  is  distinctly  a.cid  to  litmus  and  a  >parinurly  soluble  barium 
compound  may  be  obtained  therefrom  by  adding  alcoholic  barvta.  It 
reduces  nitrate  of  silver  on  heating,  especially  on  addition  of  ammonia, 
reduces  bichromate  and  permanganate,  and  pre<-ipitate-  hot  l^-lilin-'-  -oln- 
tion.  Its  oupric  oxide  reducing  power  (dextrose  =  100)  is  stated  to  be  \:>.t'<  . 
(iallisin  is  dextro-rotatory,  the  value  for  N,,  bein_Lr  .-tatrd  t«.  be  80.1°  in 
twenty-seven  per*  cent.,  S2.  3°  in  ten  per  cent.,  and  s  l.!i  in  l.ii  p<  r  <-,  nt. 
solutions.  By  lu>atin^  with  dilute  sulphuric  acid  for  .-Mine  hour-  nallisin 
yields  a  lame  proportion  of  dextrose,  but  its  complete  conversion  has  not 

BO  liir  been  effected, 

It  is  doubtful  whether  "  gall  isin"  as  hitherto  obtained  is  really  a  definite 
compound,  but  the  possibility  <>f  isolating  a  reducing  or  optically  active 
body  from  the  liquid  left  alter  fermenting  solutions  of  many  specimens  of 

starch-su;Lr:ir  cannot  be-  ignored  in  considering  the  compo-itinn  of  commer- 
cial glucose. 

IV.   Analytical  Tests  and  Methods. 

1.  FOR  STARCH.  —  The  usual  method  for  the  determination  of  starch 
is  to  invert  by  the  action  of  dilute  acid,  and  then  determine  the  d.  \n«  » 
produced  by  the  aid  of  Felilin^'-  solution.  In  tlii-  ca-e  one  hundred  part- 
of  dextrose  are  taken  as  indicating  ninety  of  starch.  It  has  IM-CII  found. 
however,  that  the  change  to  dextro.-e  l>y  the  aid  of  dilute  sulphuric  a<-i«l  i- 
not  complete,  that  other  non-rc«lucin_Lr  bodic<  are  f«»rmeo!,  and  that  but 
ninety-five  per  cent,  of  the  stan  h  is  converted  into  de\tn-e.  The  hydrol- 
ysis is  more  completely  ctfccted  by  the  aid  of  hydrochloric  actd,  as  carrie<l 
••nit  in  Sachsse's  method.  2.5  to  -y>  irra  mines  of  dry  -tarch  («»r  so  much 
of  the  Starch-containing  sub-tance  as  would  correspond  to  this  amount 
of  starch)  are  placed  in  a  flask  with  two  hundred  cubic  centimetres  of  water 
and  twenty  cubic  centimetres  of  hydrochloric  acid  and  heated  on  the  water- 
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FIG.  61. 


bath  with  inverted  condenser  for  three  hours.  (Marcker  states  that 
for  three  hours  with  this  amount  of  hydrochloric  acid  does  not  give  more 
than  ninety-six  to  ninety-seven  per  cent,  of  the  starch  as  sugar,  as  some  of 
the  latter  is  destroyed.  He  recommends  using  fifteen  cubic  centimetres  of  acid 
and  heating  for  two  hours.)  The  contents  of  the  flask  are  then  neutralized 
with  potassium  hydrate  or  sodium  carbonate,  filled  to  the  mark,  and  the 
dextrose  determined  by  Fehling's  solution.  If  other  carbohydrates  or 
cellulose  are  present,  which  would  be  also  converted  into  dextrose  by 

hydrochloric  acid,  the  starch  must  be 
previously  brought  into  the  soluble 
form,  which  may  be  done  by  heating 
with  water  to  130°  C.  in  a  pressure- 
flask  like  that  of  Lintner,  shown  in 
Fig.  61.  Or  the  starch  may  be  hydro- 
lyzed  in  part  by  infusion  of  malt 
or  diastase  at  62.5°  C.,  filtered  from 
cellulose,  etc.,  and  then  treated  with 
hydrochloric  acid  for  complete  hydrol- 
ysis as  above.  In  this  latter  case,  the 
process  of  Reinke  *  is  the  simplest. 
Three  grammes  of  the  sample  as  finely 
powdered  as  possible  are  heated  to  boil- 
ing with  fifty  cubic  centimetres  of  water, 
cooled  to  62.5°  C.,  and  hydrolyzed  for 
an  hour  at  this  temperature  with  .05 
gramme  of  diastase.  This  is  prepared 
according  to  Lintner's  procedure,  by 
making  an  alcoholic  twenty  per  cent, 
extract  (1  : 3)  of  raw  malt,  adding 
to  the  filtrate  two  volumes  of  ninety- 
six  per  cent,  alcohol,  separation  of  the 
precipitated  diastase,  washing  with  alcohol  and  ether,  and  drying  in  a  des- 
iccator. The  mixture  is  then  cooled,  diluted  with  water  to  two  hundred 
and  fifty  cubic  centimetres,  and  filtered.  Of  the  filtrate,  two  hundred  cubic 
centimetres  are  taken  and  hydrolyzed,  as  before  described,  with  fifteen  cubic 
centimetres  of  hydrochloric  acid  of  1.125  specific  gravity  for  two  and  a  half 
hours,  when  the  solution  is  neutralized  and  the  dextrose  determined. 

A  more  elaborate  course  of  treatment,  following  in  the  main  the  same 
lines  as  the  procedure  of  Reinke  just  described,  but  stopping  with  the 
action  of  the  diastase,  has  been  published  by  O'Sullivan,  and  is  given  at 
length  by  Allen. f  In  this  case  the  filtered  liquid,  assumed  to  contain  noth- 
ing but  maltose  and  dextrine,  is  made  up  to  one  hundred  cubic  centimetres, 
and  the  density  determined.  It  is  then  tested  with  Fehling's  solution  for 
the  maltose,  and  the  dextrine  deduced  from  the  rotatory  power  of  the  solution. 
The  maltose  found,  divided  by  1.055,  gives  the  corresponding  weight  of  starch, 
which,  added  to  the  dextrine  found,  gives  the  total  number  of  grammes  of 
starch  represented  by  one  hundred  cubic  centimetres  of  the  solution. 

The  method  for  the  determination  of  starch  in  cereals  most  generally 
used  in  Germany  at  present  is  that  of  Marcker.J  Three  grammes  of  sub- 

*  Jahresber.  Chem.  Technol.,  1887,  p.  863. 

f  Commercial  Organic  Analysis,  2d  ed.,  vol.  i.  p.  343. 

|  Jahresber.  Chem.  Technol.",  1885,  p.  863. 
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stance  are  placed  in  a -mall  beaker  (preferably  <>t'  metal  i,  \\hich  is  placed  as 

one  of  several    in  a  S.,\|ilri    piv^nn -ln.il. -r.  «>r  tin  arried  ..ut  in  the 

Lintncr  prc.-iiiv-fla-k,  ti-mvd  <.n  the  pne,-din<_:  |i;l-.-,  and  h.-at.-d  to  tin-  t.  m- 
pcraturc  of  boiling  \\ater.  It  i*  tin  n  cooled  fco<  (  ..  tiv«-  ciil.ic  cenli- 

metreBof  thin  malt  infn-ion  an-  add.  d,  ami  it  i-  di-e-ted  at  t  hi-  t.  mp«  -nit  nn- 
for  some  twenty  minute-.  It  i-  tht-n  made  t'aintly  acid  (one  cubic  centi- 
metre of  tartaric  acid  -nlliee- )  and  heated  under  a  pr.  —in  -.  •• .f  three  t,,  four 
atmo*phere*.  It  i-  then  cooled  <l.,\\n  and  an  additional  live  cubic  <•. uti- 
mctn-  <.f  malt  infusion  addrd,  \\ith  \\lii.-li  it  i-  d  n  half-lionr. 

'rh«-  H.lntimi  is  then  l>n.n-lit  up  t..  onr  Imndnil  niliir  <-,-ntim.-trvs,  tilt.  r.  d, 
and  determined  with    l^Vldm- •">  -olntion,  ritln-r  hy  titratioii  or  l.\    M 
tin-  reduced  ro])|M>r. 

(  )f  otln-r  mctlKuU  propii^co!  I'm-  -tan-li  d«  t. -rmination-  it  i-  only  neoes- 
sii-y  to  notice  the  AsUoth  m<-thod,  pn.j..  ,^,-d  in  |SM7.  It  d-  p«  n«U  on  th«- 
tiict  that  starch  forms  a  compound  with  l»aryta-\\at.  i .  <  I  I  <  >wBaO,  ron- 
tainini;-  1!M  per  cent,  of  Ua<),  which  i-  in-olnhlr  in  forty-li  •  nt. 

alcohol.  The  baryta-Water  i-  n>c«l  in  eXCeaS,  and  tin-  free  alkaline  j-arth 
determined  by  titration  with  decinoi'inal  hydroehloric  acid.  Nimu-nHi- 
c\p<'rimentei-s  have  taken  rxcrption  t«»  the  methiMl  that  the  n-nlt>  « 
variable,  and  that  >tarch  combined  with  varying  amount-  of  harinm  oxide. 
To  these  objections  the  author  \\:\^  recently  replied/  ami  claim*  that  the 
pn-ence  of  fat  in  the  cereals  interferes  with  the  accuracy  of  the  determina- 
tion, and  that  if  the  fat  l>e  previously  extracted  l»y  ether,  the  determination* 
in  the  fat -tree  residue  are  accurate  and  concordant.  .1.  Napier  SJM  M.  .  .  in 
the  4k  Journal  of  the  Society  of  Chemical  Industry"  for  iss.x.  |,  77,  |,a- aUo 
come  to  the  defence  of  the  Asboth  method  and  shown  the  condition*  under 
which  it  yields  accurate  result-. 

'2.  (rLrrosi;,  <>R  DKXTIIOSK. —  For  the  determination  <.t'de\trosealone  tin- 
Fchl ilia's  solution  uttords  the  most  accurate  in*  an*.      l-'or  it-  n*e.  *e<-  ana! 
of  raw  sugars,  p.  152.      In  the  abx-nce  of  any  other  optically  active  l..,d\ 
its  examination  with  the  polariscopc  will  alsosutlice.     For  mixture-  like  com- 
mercial glucose,  which  contains  dextro-e,  maltro*e,  and  d«  \trine.  tee  later. 

:\.  .MAI.TOSH. — This  variety  of  *ui:ar.  a-  before  *tat«-d.  ha-  optical 
activity  and  ivdncin-  power  on  Fchlinjr's  solution.  It  can,  h<>\\ . 
distinguished  from  dextrose  by  its  failure  to  reduce  l',arti»ed's  -olutiou. 
which  is  reduced  by  dextrose  and  inv«  rt  -u-ar.  Thi-  iva-- -nt  i-  made  by 
di-olvinu  one  part  of  neutral  copper  acetate  in  fifteen  part*  of  water,  t" 
two  hundred  cubic  centimetres  of  which  live  cubic  e«.-ntimetiv*  of  thirty- 
ciirht  per  cent,  acetic  acid  is  added.  Boiled  f  :d  minutes  with 

maltose  solution  it  shows  no  reduction. 

4.  PKXTKIM-:. —  Pure  dextrine  di tiers    t'rom    dcxtro-e   and    malt.-e    in 
showing  no  reducin«r  power  with  either  Felilinir's  solution  or  with  Knapp'* 
mercuric  cyanide  solution.      It  can,  iiulccd.  be    freed    from  admixture  with 
dextrose  and  maltose  by  heating  with  an  cx<-css  of  an  alkaline  solution  of 
mercuric  cyanide,  which  oxi«li/e*   the*e   two  varieties  of  -n^ar,  Icavini:  the 
dextrine  unatlectcd.      (See  Wiley'*  method  on  m-xt  pa- 

5.  Cn.MMKiiriAL  GLI7O06E  AND  SiMii.Ai:    MIXII  1:1:-    i«r.i:ivi:i»    i  i:"M 
STARCH, — A*  commercial  glucose  is  likely  to  be  a  mixture  of  the  three 
compounds,  dextrose,  maltose,  and  dextrine,  it-  analy-i*  and  the  determina- 
tion  of  the   several    constituents    becomes   a    fre.,iientlv-recurrinir   problem. 

*  ChoinikiT  Zeitung,  1889,  pp.  691  and  611. 
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Three  methods  have  been  proposed.  The  first,  by  Allen,*  requires  the 
determination  of  moisture  and  ash  in  the  sample,  which,  subtracted  from 
100,  leaves  the  total  organic  solids,  O.  The  apparent  specific  rotatory 
power,  8,  and  the  cupric  oxide  reducing  power  (in  terms  of  dextrose  re- 
duction =  100),  /v,  are  now  determined.  Then,  if  m  be  the  maltose,  g  the 
dextro-glucose,  and  d  the  dextrine,  Allen  determines  the  respective  per- 


centages by  the  use  of  the  formulas  m  =  (s—62'7K+]   ^(0—K)\ 

\  1  UU  / 

.313,  g  =  K  —  .62m,  and  d=O  —  (y  +  m).  The  author  states  that  the 
presence  of  gallisin  or  other  un  fermentable  sugar  may  vitiate  the  values  of 
-AT  and  S,  as  observed,  and  so  make  the  results  inaccurate. 

The  second  method  is  that  of  Wiley,  f  which  is  based  upon  the  theory 
that  boiling  with  an  alkaline  solution  of  mercuric  cyanide  will  destroy  the 
optical  activity  of  maltose  and  dextrose,  leaving  that  of  dextrine  unchanged. 
The  cupric  oxide  reducing  power  of  the  sample  is  ascertained  in  the  usual 
way  by  Fehling's  solution.  The  specific  rotatory  power  is  determined  by 
polarizing  a  ten  per  cent,  solution  (previously  heated  to  boiling)  in  the 
ordinary  manner.  Ten  cubic  centimetres  of  this  solution  used  for  polar- 
izing are  then  treated  with  an  excess  of  an  alkaline  solution  of  mercuric 
cyanide,  and  the  mixture  boiled  for  two  to  three  minutes.  It  is  theji  cooled 
and  slightly  acidulated  with  hydrochloric  acid,  which  destroys  the  reddish- 
brown  color  possessed  bv  the  alkaline  liquid.  The  solution  is  then  diluted 
to  fifty  cubic  centimetres,  and  the  rotation  observed  in  a  tube  four  decime- 
tres in  length.  The  angular  rotation  observed  will  be  due  simply  to  the 
dextrine,  the  percentage  of  which  may  then  be  calculated  by  the  formula 

rotation  X  1000  X  cubic  centimetres  of  solution  polarized 
198  X  length  of  tube  in  centimetres  X  weight  of  the  sample  taken 
centage  of  dextrine.      The   percentages  of  dextrose  and   maltose  may  be 
deduced  from  the  reducing  power  of  the  sample,  or  from  the  difference  in 
specific  rotatory  power  before  (S)  and  after  (s)  the  treatment  with  alkaline 
mercuric  cyanide.     Thus,  7^=1.00  g  +  .62  m,  £=.527  #  +  139.2  m-f- 

$  _  s  _  527  K 

1.98  d  and  s=  1.98  d,  whence  m  =  --  q-  ,  I  '     —  g  can  now  be  found 

l.Ob-j—  b 

from  the  first  of  the  three  equations,  and  then  d  in  the  second.  Wiley's 
process  was  employed  by  the  Committee  of  the  National  Academy  of 
Science  in  their  investigation  of  commercial  glucose  from  corn  starch.  It 
is,  however,  based  upon  several  assumptions  that  have  not  been  specifically 
proven,  and  especially  in  the  presence  of  any  considerable  quantity  of 
maltose  are  its  results  open  to  doubt.  (See  Allen,  Commercial  Organic 
Analysis,  2cl  ed.,  vol.  i.  p.  305,  foot-note.) 

The  third  method  of  estimating  the  constituents  in  commercial  glucose  is 
due  to  C.  Graham,  and  is  probably  more  exact  than  either  of  those  before 
mentioned.  Dissolve  five  grammes  of  the  sample  in  a  small  quantity  of 
hot  water  and  add  the  solution  drop  by  drop  to  one  litre  of  nearly  absolute 
alcohol.  Dextrine  is  precipitated,  and  on  standing  becomes  attached  to  the 
sides  of  the  beaker,  while  maltose,  gallisin,  and  dextrose  are  soluble  in  the  large 
quantity  of  alcohol  employed.  If  the  solution  be  then  decanted  from  the 
precipitate,  the  dextrine  in  the  latter  can  be  ascertained  by  drying  and  weigh- 
ing, or  by  dissolving  it  in  a  definite  quantity  of  water  and  observing  the 

*  Commercial  Organic  Analysis,  2d  ed.,  vol.  i.  p.  309.    f  Chemical  News,  xlvi.  p.  175. 
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1.  PRODUCTION  OF  STARCH-STCAK    AND  (Ii.rrn-r:   IN   (!I-:RMANY. — 

1886.   L)(.i  1-u-torirs  pr.Mlu,-.-.!  M.'.Hj-j.nno  kilo-,  .-taivh-su^.ir  ^.-olM)  :uul  7,'JOO  kilos,  rry-tnr.tl. 


1887.  0 

1888.  29 

1889.  30 


18.908,700 

11,01<>.  .'.no 
17,680,200 

30,000. ono 
:;;;.. -.15,800 
•Jl  is  i  ,400 
34,084,100 


>vrup  and 

' 


340,000 
130,000 


r..ul  ur. 


Q 
2,748,000 


2.  EXPORTATION* 
STATES. — 

(ilueo>e     (pound-)  . 

Value 

Starch  (pounds)  .    . 


OF   STARCH   AND   Guv<»i:    FROM    TIN-: 


1888. 

O.L'r,:i.::.o 
$168,678 


1880 
81,286,220 

$74- 


,116 
,  |86fi 


:).     I'KODI'CTION  OF  GLUCOSE  IN  THK   I'MTF.h  Sr\  I  l>. — The  i 

the  Cnnnnittco  of  the  National  Academy  of' Science  in  .lannary,  1SS4,  gave 
the   Inllowintr   statciMcnt    <>f  the  glucose   industry  at    that  da:  IMCMX- 

la<-torics,  with  estimated    capital    of  $6,000,000,  OOHSUmillg    I".IMMI   im>h,-I> 
ol'corn  per  day,  and  prodiu-inu;  grape-SUgaraildgla000e  ••!'  tli«l  annual  value 

oi'  nearly  §!(),'( >()(),( MM >. 

In  DeceinlK-!-,   iss'.i.  ;ie,-n]-dino-  t«>  an  addrc—  cf'  K.   Kichanls.  eh«  in:- 
the  Internal  Keveniie  UurcMii  (  \\'M-hini:tc!i.  1890),  the  figures  WCTC,  1'J  tin-tu- 
nes, with  estimated  capital  of  I'rom  SIi'j  H  m.i  M  in  i,,  si. \UIMMM  MI.  cuii^iiinin.ir 
al)out    .")(), (MM)  l)ii>liels  ot'  corn    per  dav.  and    having  an   annual    pru<hiction 
of  45( ),()()(»,( MM)  pounds,  valued  at  slu. 
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CHAPTER    VI. 

FERMENTATION    INDUSTRIES. 

A.  NATURE  AND  VARIETIES  OF  FERMENTATION. 

THE  word  fermentation  in  the  broader  sense  is  applied  to  those  changes 
whereby  in  the  presence  of  a  body  called  a  ferment  many  organic  bodies, 
notably  the  carbohydrates,  are  decomposed  into  simpler  compounds,  although 
not  necessarily  into  the  ultimate  products  of  decomposition. 

The  ferments  which  seem  to  determine  the  decomposition  may  be  either 
soluble  unorganized  ferments,  or  insoluble  organized  ferments,  which  are,  in 
fact,  minute  vegetable  growths.  With  the  soluble  ferments,  such  as  diastase 
invertin  (or  invertase),  emulsine,  or  myrosine,  pepsine,  trypsine,  and  papaine, 
which  act  upon  carbohydrates,  glucosides,  and  albuminoids,  we  are  not  now 
concerned,  although  the  first  and  second  of  those  mentioned  play  a  very 
important  part  in  the  hydrolysis  of  starch  and  cane-sugar. 

The  organized  ferments  or  vegetable  growths  may  be  divided  into  three 
classes:  first,  mould-growths;  second,  yeast-plants,  or  the  different  species 
and  varieties  of  Saccharomyces ;  and,  third,  bacteria,  belonging  to  the  two 
genera  Schizomycefcx  and  Schizophycetes.  The  most  important  fermentations 
from  an  industrial  point  of  view  are  the  alcoholic,  which  is  brought  about 
mainly*  by  the  presence  of  ferments  of  the  second  class,  and  the  acetic  and 
lactic,  which  are  brought  about  by  ferments  of  the  third  class.  Upon  the 
alcoholic  fermentation  depend  three  important  groups  of  industries, — viz., 
the  manufacture  of  malt  liquors,  the  manufacture  of  wines,  and  the  manu- 
facture of  ardent  spirits,  or  distilled  liquors.  Upon  the  acetic  fermentation 
depends  the  manufacture  of  different  varieties  of  vinegar,  and  upon  the 
lactic  fermentation  the  manufacture  of  cheese  and  other  milk  products. 

The  alcoholic  fermentation  is  always  meant  when  we  use  the  word  fer- 
mentation in  the  narrower  sense,  as  with  reference  to  the  change  which 
starch  and  saccharine  bodies  most  generally  undergo.  In  this  fermentation, 
the  action  of  the  yeast-plant  seems  to  differ  according  to  the  variety  of  sugar 
presented  to  it.  Dextrose  is  most  immediately  acted  upon,  the  main  re- 
action being  CgH12O6  =  2C2H6O  -f-  2CO2,  although,  as  Pasteur  first  showed, 
side-products  like  glycerine  and  succinic  acid  are  also  formed,  and  in  practice 
only  about  ninety-five  per  cent,  of  the  dextrose  is  decomposed  by  the  main 
reaction.  Cane-sugar  is  not  immediately  fermentable.  If  it  has  been 
previously  exposed  to  the  action  of  dilute  acids,  it  is  changed  into  invert 
sugar,  which  then  acts  like  dextrose.  The  yeast-plant  can  effect  the  same 
change  itself.  Invertin  (or  invertase,  as  it  is  also  termed)  is  a  soluble  fer- 
ment existent  in  yeast.  It  has  the  property  of  rapidly  and  completely 
effecting  the  transformation  of  cane-sugar  into  invert  sugar,  but  is  without 

*  Hansen  finds  that  several  varieties  of  the  genus  Mucor,  belonging  to  the  third  class, 
can  develop  a  feeble  alcoholic  fermentation. 
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action  mi  « !. •  \ 1 n ,-. •,  levulose,  maltose,  "T  milk-sugar.     Towards 

dextrine  it-  action  i-  n<>t  -. .  «•.  rtainly  n.-j.-n 

The  Conditions  Of  the   :i«-livil\    of   th.-    \ea-t-plant    have    he,  n  -tndied    hy 
many   chcmi-ts,   hut    notably    hy    I'a-teiir.      It    ha-    been    f..und    that    it'  an 

ibundance  of  air  is  supplied  the  planl  grows  and  multiplies  hut  f.-n 

tiou   proceed-  very  slowly,  when   the  -upply  of  air  i-  liiuitMl,  th. 
(ion  proceeds  more  rapidly  while  the  growth  of  tin-  »-«-ll-  i-  larj<  l\  arn  ~fd, 
and    that    in    tin-    ah-ciie<-   of  air    the    fermentation    proceeds    \\itl, 
rapidity,   although    the   plaut-o-lU   d<>    not    RTO*  any  l-.n-j.-r,    hut    •_'  i  a.lnallv 
disintegrate  aixl    die.       I'aMeiii-'s   dietnin,    that   "  ti-nin  ntat i-n    i-    ? 
<|iienee  of  life  without    air,"  i-  IH>    |..n-e|-    taken  Bfl  -trietl\    a«-. -nrate.  a-  \\ith 
the   (Hssatioii    of    thr    _irro \\tli    and    «-\teii-J,,u    of   the    \ea-t-plant    (\\lii«-h    i- 
depeiideut  upon  air  like  the  life  of  any  other  plant),  although  it-  ti-nm-nta- 
tive  activity  then  hm,me<  greatest,  it  In-in-  at  the  -am.-  time  a  d..;i\   \\hieh 
leaves  it  after  a  time  dead  and  inactive. 

The  oviius  MtcrhdriHiii/rrt*  ha-  aln-ady  Iwen  allihled  t«»  a-  the  aetiv 
a-eut  iu  the  alcoholic  fermentation.  The  -pecie^  Stn'rlmr<iint/<'i-x  ccrcvufa 
i-  -ciierally  known  as  the  special  h<-er  tl-nnent  and  tip  s 
dlip8oideu8  as  the  \vine  ferment.  Moreover,  of  the  S//rr//f//-o//i//r-,>-  ,-, ,, 
two  well-marked  varieties  have  heen  ivc,  ,-ui/eil.  Tin-  oin-  i-  the  m«-l 
active  at  the  ordinary  temperature  (16°  to  20°  C.),  and  earrie^  through  its 
lermentative  work  in  from  t'hree  to  four  day<  ;  the  other  \\<»rk-  at  a  |..u,i- 
temperature  ((>°  to  8°  C.)  and  the  fermentation  is  much  -lower.  The  HIM. 
plaeed  in  a  -accharine  liquid,  is  carried  hy  the  earhoii  dioxide  which  it 
liberates  to  the  surface  of  the  liquid,  where  it  continue-  it-  activity;  it  i- 
therefore  known  as  a  surface  or  top  \va-t.  The  second,  on  the  coutrarv.  i- 
not  carrie<l  up,  and  rests  during  its  entire  activity  on  the  hottnm  of  the 
fermenting  vessel,  and  is  lience  called  a  hottom  yca-t.  Two  <piite  di-tinet 
methods  of  beer-hrewinu  ar<>  practised  (sec  p.  is:',),  dcpcndin*:  upon  the  u-e 
of  the  one  or  the  other  of  these  varieties  of  yeast.  It  ha-  Keen  found,  how- 
ever, in  practice  that,  even  when  a  top  yeast  is  used  exclusively  or  a  hottom 
yeast  exclusively,  the  results  are  not  always  uniform.  These  anomalies  are 
now  made  clear  through  the  researches  of  K.  C'li.  I  Ian-en.  <>l  <  «>}>cnhagen, 
who  has  applied  the  methods  of  pure  cultivation  introduced  hy  hact.-riolo- 
gista  to  the  study  of  the  yeast-plant.  lie  has  found  that  if  a  -in-1.  veast- 
cell  of  one  of  the  better  varieties  of  S<rwhni'<mii/<;s  he  <Miltivate<l  with  the 
precautions  needed  to  exclude  what  is  called  "wild  yea-t"  (-eim-  j.n-eut 
in  the  air,  notably  in  the  summer  months),  absolutely  uniform  results  can 
he  n'otten  in  brewing.  Uejr inning  in  lSS:i,  he  has  developeil  the  -tndy,  and 
it  ha-  now  been  accepted  hy  most  of  the  leading  authorities  on  fermenta- 
tion. He  first  described  -ix  speci  ;'^/-o/////r,  !  -•<•<•//'/- 

rntni/rt's  /'(fsfornriiiis  I.,  II.,and  III.,  ^ncc/ni roini/cis  <•  ///y/.vo/»/«  us  I.  and  II.. 
of  which  the  second,  fourth,  and  sixth  cause  hitterne—  and  turbidity  (so- 
called  "diseases"  in  beer).  He  has  since*  inciva-ed  the  li-t  ••!'  varictic- 
of  ferments  studied  to  forty,  includinn-  h«»th  top  and  bottom  yeasts,  t.  inicnt- 
similar  to  yeast  but  not  bcl..n^in-j-  to  the  ^,.mis  .sV/frA^/-o/////r,>-,  ami  f«inii- 
of  mould-growth.  Ib-divid<-s  the  representatives  of  each  p-nus  into  tw.. 
groups  accordinii-  as  they  -eerete  invcrtin  or  not. 

Fresh   yr;M    resemblee   a   dirty   yellowish-gray  sediment  of    unpleasant 
odor  and  acid  reaction,  made  up  of  an   immense  numlxT  of  vegetable  <  ell-. 

*  Journ.  Soc.  Chcm.  Ind.,  1889,  p.  471. 
12 
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FIG.  62. 


Saccharomyces  cerevisise. 
(After  Hansen.) 


Saccharomyces  cerevisise.    Ascospores. 
(After  Hansen.) 


Saccharomyces  ellipsoideus. 
(After  Hansen.) 


Saccharomyces  ellipsoideus.    Ascospores. 
(After  Hansen.) 


Saccharomyces  Pastorianus. 
(After  Hansen.) 


Saccharomyces  Pastorianus.    Ascospores. 
(After  Hansen.) 


RAW  MATERIALS. 


179 


Three  of  the  pure  cnlt inv  variet  ies  of  N  ,,,M -plant  *  ohtaim-d  bv  Hanson 
aie  8hoWH  in  the  illustration,  IM-.  Hi',  to-ether  \\ith  the  -p,-.-i:d  appearan.-,. 
of  the  aseos|K>res  of  the  same.  (  )f  thoc,  tin-  - 

SoAchairomycea  Pcuforioniu  are  beer  ferment-,  \\hile  n  ,//;y/_ 

.vo/f/r^/x  is  the  \\nie  ll'rmeiil.       \-\>r  IHMH\-  i,m-i., (I.......J   i... !.;.>._    .....  :..  „!:... 


l"i'  many  purp.,  id-bakin-,  DM  in  dis- 

tilleries, etc.;  it  is  prepared  as  compressed  yeast  in  -.,  ,-:,nv  NNjtij  th<? 

addition  «»f  potato  -tarch. 

The    .-pecial    conditions    of    the    alcoholic    fermentation    are;     fii^t,    an 
a«jiieotis   solution    of    BUgBT   of    the  Mn-i|.:tli    of    (,n.     part    SUgai    to    four  to 

ten     parts     water;     -eeoiul,    the 


CHAIN    MAS*. 
POTATO    MAIN 
CN«U4H   ACCII, 

Been 


j»i-cs(  ncc  nl'  a  yeasf 
if  this  is  n«»t  added  alivad\  dc- 
veloped  and  active,  or  if  the 
rcrniciitatioii  is  to  l»c  spouta- 
ncoiis, — that  is,  brought  about 
by  S})ores  iroiu  the  air, — the 
conditions  for  the  development 
of  these  spores  must  also  !><• 
pre.-ent.  There  must  he  protein 
eomponnds  and  phosphates  of 
the  alkalies  and  alkali  earths. 
Thirdlv,  the  temperature  must 
remain  within  the  limits  5°  to 
30°  C.,  or,  more  ^eneralK  ,  tn»m 
9°  to  25°  C.  Above  30°  C.  the 
alcoholie  fermentation  readily 
pa— cs  into  the  butyric  and  other 
decomposition. 

The  effect  of  temperature 
upon  the  several  different  fer- 
ments is  shown  in  the  graphic 
illustration  of  Fig.  63,  which 
represents  also  the  influence  of 
temperature  upon  the  decom- 
position of  starch  l>y  diasta.-e. 
On  the  riu'ht  side  of  the  figure. 

the  regularly-dotted  line  represents  the  yeast  curve.  A  slight  fermentation 
is  already  induced  at  a  temperature  very  little  over  the  melting  point  of  i<v. 
A>  the  temperature  rise-  its  activity  increases  until  the  maximum  is  reached, 
at  about  33°  C.  (92°  F.),  when  it  diminishes  down  to  nothing  airain,  and  at 
50°  C.  (122°  F.)  or  thereabouts  it  is  killed.  The  activity  of  the  ac,  tie  fer- 
ment is  repeated  at  the  same  time  by  the  iiregulttiy-dotted  line,  and  that  of 
the  lactic  ferment  by  the  uniform  black  lin.  . 

B.  MALT  LIQUORS  AND  THE  INDUSTRIES  CONNECTED  THEREWITH. 
I.   Raw  Materials. 

1.  MALT. — Malt  is  prepared  by  steepin-  barley  or  other  Lrrain  in  water, 
and  allowing  it  to  irerminate  in  order  to  change  the  character  of  the  albumi- 
noids and  develop  the  ferment  diasta-e.  which  then  be-in-  to  act  upon  thestardi, 
the  u'ermination  and  change  hcinjj  stopp«'d  at  a  <-ertain  -taLr«-  by  heating  in 
a  kiln.  The  com|K>sition  of  the  nnmalted  barley  \\as  iriven  junon-j-  other 
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cereals  on  p.  162.  The  changes  which  it  undergoes  in  composition  by  the 
process  of  malting  will  be  seen  by  comparing  this  with  the  two  analyses  of 
pale  malt  following,  which  are  by  O'Sullivan : 

No.  I.  No.  II. 

Starch 44.15  45.13 

Other  carbohydrates  (of  which  sixty  to  seventy  per  cent,  consist  of  fer- 
mentable sugar),  iiiulin  and  similar  bodies  soluble  in  cold  water 21.23  19.39 

Cellular  matter 11.57  10.09 

Fat 1.65  1.96 

Albuminoids  soluble  in  water 6.71  5.31 

Albuminoids  insoluble  in  water 6.38  8.49 

Ash 2.60  1.92 

Water 5.83  7.47 

100.00      100.00 

O'Sullivan  states  that  malt  contains  no  ready-formed  dextrine,  but  that 
it  does  contain  from  sixteen  to  twenty  per  cent,  of  fermentable  sugars,  of 
which  about  one-half  is  probably  maltose,  and  due  to  the  transformation  of 
starch  in  the  malting  process,  while  the  remainder  exists  ready  formed  in 
the  barley,  and  is  not  identical  with  the  sugar  produced  in  the  malting. 

Besides  the  diastase^  a  second  soluble  ferment  is  formed  during  the  malt- 
ing process,  the  so-called  peptase,  which  in  the  mash  process  changes  the 
proteids  of  the  malt  into  peptones  and  parapeptones,  which  give  nutritive 
value  to  the  beer. 

A  high  percentage  of  starch  in  the  barley  to  be  used  for  brewing  is 
desirable  in  order  that  when  malted  it  may  yield  a  large  amount  of  "  extrac- 
tive matter."  According  to  Lintner  and  Aubry,*  a  good  malt  should  yield 
at  least  seventy-one  per  cent,  of  extract  reckoned  on  the  weight  of  dry 
substance.  This  determination  of  the  value  of  a  sample  of  malt  is  one  of 
the  most  necessary  of  analytical  tests  for  the  malster  or  brewer.  (See  p.  187.) 

Well-malted  barley  is  always  yellow  or  amber-colored,  shading  to  brown. 
On  breaking  the  grain,  the  interior  should  be  of  a  pure  white  color  and 
floury  appearance,  except  when  the  drying  has  been  intentionally  carried  so 
far  as  to  partially  caramelize  the  sugar. 

Malted  wheat,  corn,  and  rice  are  at  times  used  as  partial  substitutes  for 
the  barley  malt,  as  well  as  potato  starch  and  starch-sugar.  The  use  of 
patented  maltose  and  maltose-dextrine  preparations  has  already  been  referred 
to.  (See  p.  167.) 

2.  HOPS. — Hops  are  the  female  unfructified  blossoms  (catkins)  of  the 
hop-plant  (Humulus  lupulus).  Under  the  thin  membranous  scales  of  the 
strobile  or  catkin  is  an  abundance  of  a  yellowish  resinous  powder,  consist- 
ing of  minute  sessile  grains,  to  which  the  name  lupulin  has  been  given.  The 
active  principles  of  the  hops,  contained  mainly,  but  not  exclusively,  in  the 
lupulin,  are :  First,  the  ethereal  oil,  which  is  present  to  the  amount  of  .8 
per  cent,  in  the  air-dried  hops.  This  is  yellowish,  of  strong  odor  and  of 
burning  taste.  It  consists  of  a  hydrocarbon,  C5H8,  and  an  oxygenized  oil, 
C10H18O2,  which  by  atmospheric  oxidation  becomes  valerianic  acid,  C5H10O2, 
to  which  old  hops  owe  their  odor.  Second,  the  lupulin  also  contains  a  resin- 
ous bitter  principle,  which  is  easily  soluble  in  alcohol,  but  difficultly  solu- 
ble in  water,  and  extremely  bitter.  This  is  supposed  to  be  an  oxidation 
product  of  lupulinic  acid,  which  can  be  gotten  in  white  crystals,  speedily 
becoming  resinous.  Both  the  acid  and  its  oxidation  products  seem  to  be 

*  Jahresber.  Chem.  Tech.,  1882,  pp.  840  and  851. 
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held  di»olvcd  in  the  ethereal  oil.  Il,,p~  afa  '-"iitain  tannie  acid  of  a 
varit-ty  allied  t«»  inoritannie  acid  and  tiiniiii'j;  iron  Halts  green.  Analyses  of 
txvo  xvell-known  l>Mhemian  varieties  of  Imp-  an-  -jivcM.* 
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Tin-  MM— mils  arc  produced  in  AumiM,  ami  tin  -in-bile-  an-  lit  fur  irath- 
crinLr  from  the  l)cirinnin<r  of  ScptcnilxT  IM  tin-  middle  <»t'  <  )«-IM!M -r,  at-cnnling 
t<>  tlic  \\cathcr.  The  prompt  drying  M!'  tin-  t'r«-li-pi.-U,-d  Imp-  i-  m-<-«— ary 
in  (»rdfr  that  they  may  \n>  sai'rly  l>alcd.  Tliis  drying  tak«-  pla<-.-  l,\  t 
of  hot  air  in  a  so-called  hop-kiln  at  a  tcniixTutuir  nfalxnil  1"'  ( '.,  the  hops 
repeatedly  ttirne<l  with  a  li^lit  \\<»M<lcn  >hnv«-l  a-  they  lie  -pivad  nut 
a  tidse  or  perforated  floor.  When  dry  they  are  pre^nl  l»y  hydraulic 
into  eom])act  bak^.  H(>i>s  are  also  often  treated  \\ith  -nlplmroiis 
acid  gas  from  burning  sulphur  to  pn  -ei-ve  them,  although  this  sulphuring 
is  oftener  used  with  old  hops  for  the  purpo-e  of  linnhtenm-  them  in  color 
and  improving  their  appearance. 

A  niimlxT  of  hitter  principles  have  heen  mentii>ned  a-  n-ed  at  times  as 
suhstitutes  for  lioj)s  in  heer-hrewinir,  although  it  isdouhtful  if  such  >nl»-titn- 
tion  is  much  practised.  Amonjz;  these  >ul)>titutes  have  heen  iiMt«-d  <|iiassia, 
gentian,  pien»toxin,  the  hitter  principle  of  <  orr/////.s-  JinHm*,  cMl 
wormwo«Kl,  and  picric  acid. 

:',.    WATKI:. — The  water  used  in  nialtin«r  and   brewing  mu-t   U- 
for  the  purpose,  in  order  to  get  good  re.-ult-.      A  pure  and  >oft  water  «•!•  a 
niMdci-ately  hard   cal<-areous  water  will   do,  but   it   is  imlispcn-able  that   the 
water  be  pei'lectly  free  from  organic  impnritio.     Continental  IM 
soft  waters  most   generally  in   brewing   Ix-ers,  while    Kn^lish  brewer-  prefer 
gypsum  waters  for  their  ales  which  are  -peeialh  1  t«.  keep.      Thi-  i- 

shown  in  the  character  of  the  water  of  liurton-on-Trent,  which  contains 
iiotablecjuantities  of  calcium  and  magnesium  sulphates,  calcium  carbonate,  and 
sodium  chloride. 

n.   Processes  of  Manufacture. 

1.  MALTING  OF  THE  GRAIN. — Although  malt  has  IM-CH  dest-riUtl  as 
a  raw  material  of  the  brewing  industry,  the  jn-eparation  of  it  from  t; 
u-rain  is  a  pi-Mc.--  so  rlM-ely  cMimected  with  the  >ueee><  ot'  brexxin-j:  that  it 
must  be  described,  and  e-peeially.  IMO.  beeaii-e  it  i-  often  combined  uud«-r  the 
same  direction  as  the  brewing  pnieos.  The  proofs  of  ch:in^in«:  barley  into 
malt  is  to  be  divided  into  tour  Btagefl  :  the  Me,  pin-,  the  coiiehinLr.  the  tl«»Mr- 
in-.  and  the  kiln-drying.  The  lir-t  three  of  these  Stages  have  to  do  with 

the  -erminatiMii  or  development  of  the  acroepire.  or  plumule,  which  afl  h 

develops  brings  about  «rreat  eliai)Lie>  in  the  chemical  cMii-titntion  of  the  . 
developing  from  the  albuminoid  matter  the  diastase, which  in  turn  U-<rm~  IM 


*  Konig,  Nuhrungs-  und  Genu.-sinittfl,  vol.  ii.  p.  409. 
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act  upon  the  starch,  forming  from  it  maltose  and  dextrine.  At  the  same 
time  during  the  germination  atmospheric  oxidation  is  going  on  at  the  expense 
of  the  starch  of  tiie  grain,  water  and  carbon  dioxide  being  steadily  given  off. 
When  the  development  of  the  diastase  is  supposed  to  have  reached  the  right 
point,  which  can  only  be  judged  of  by  the  growth  of  the  acrospire,  or  germ, 
the  fourth  stage  of  the  process  is  reached,  and  the  germ  must  be  killed  by 
heat,  which  is  done  in  the  kiln-drying. 

The  first  process  of  steeping  is  to  give  the  grain  sufficient  moisture  to 
allow  germination  to  begin.  For  that  purpose  it  is  put  into  wooden,  iron, 
or  cemented  vats.  These  are  half  filled  with  water  and  the  grain  added 
with  constant  stirring.  The  sound  grains  sink  shortly  under  the  water,  and 
the  dead  or  imperfect  grains  float  and  can  be  removed.  The  water  soon 
takes  color  and  odor,  and  must  be  replaced  by  fresh  water.  The  duration 
of  the  steeping  is  usually  forty-eight  to  seventy-two  hours,  depending  upon 
the  temperature,  and  in  winter-time  or  with  older  barley  may  last  consider- 
ably longer.  The  end  of  the  treatment  may  be  told  by  noting  the  character 
of  the  grain.  It  has  swollen  and  become  nearly  sufficiently  soft  to  allow  of 
being  pierced  with  a  needle  and  yet  exuding  no  juice.  It  has  gained  from 
forty  to  fifty  per  cent,  in  weight  and  increased  from  twenty  to  twenty-four 
per  cent,  in  bulk.  To  offset  this  gain  due  to  water  absorption,  it  has  lost 
from  one  to  two  per  cent,  of  its  substance,  partly  carried  off  in  the  steep 
water  and  partly  given  off  as  gas.  The  water  is  then  run  off,  and  after 
draining  it  is  turned  upon  the  couch  ing-floor,  where  it  remains  at  first  in 
heaps  of  from  fifteen  to  twenty-four  inches  in  depth.  Here  it  soon  begins 
to  heat  up,  and  a  rise  in  temperature  of  from  7°  to  10°  takes  place.  It  also 
begins  to  "  sweat,"  and  gives  off  an  abundance  of  carbon  dioxide,  and  an 
agreeable  cucumber-like  odor  is  recognizable.  The  germination  is  now  under 
way  and  the  rootlets  shoot  out.  The  "  couching"  stage  lasts  from  twenty- 
four  to  thirty-six  hours,  and  during  that  time  the  grain  must  be  turned 
several  times.  The  heated  barley  must  now  be  spread  on  the  floor  in  shal- 
low layers  so  as  to  check  somewhat  the  rate  of  growth  of  the  germ,  and 
must  be  turned  from  four  to  six  times  a  day  as  the  growth  proceeds.  The 
depth  of  the  layer  is  at  the  same  time  reduced  from  fifteen  to  four  or  five 
inches.  During  this  time  the  germinating  grain  must  have  an  abundance  of 
air.  The  process  lasts  from  seven  to  ten  or  even  twelve  days,  according  to 
the  season  of  the  year,  and  its  termination  is  decided  by  the  length  of  the 
germ,  which  must  be  about  two-thirds  that  of  the  grain.  The  loss  in  weight 
during  the  germinating  process,  according  to  Lintner,  is  ten  per  cent,  of  the 
weight  of  the  grain.  The  loss  comes  mainly  upon  the  starch,  which  has  in 
part  been  changed  into  maltose  and  dextrine,  but  has  mostly  been  oxidized  to 
water  and  to  carbon  dioxide.  To  more  efficiently  remove  the  carbon  dioxide 
which  would  interfere  with  the  germinating  process  and  to  prevent  too  strong 
a  heating,  the  pneumatic  process  of  malting  has  been  proposed  by  Galland .  In 
this  process  the  steeped  barley  is  placed  on  a  perforated  floor  in  thick  layers, 
and  a  regulated  current  of  moist,  well-cooled  air  is  kept  passing  through  it. 
The  process  has  not,  however,  been  at  all  generally  adopted.  Still  another 
form  of  mechanical  malting  apparatus  is  that  of  Gecmen.*  The  germina- 
tion must  now  be  stopped  promptly,  lest  it  go  too  far  at  the  expense  of  the 
starch  of  the  grain,  and  this  is  best  effected  by  heat.  The  germinating 
grain  may,  however,  be  simply  dried  thoroughly  in  the  air  and  the  rootlets 

*  Stohmann  and  Kerl,  Handbuch  der  Technischen  Chemie,  4th  ed.,  p.  1332. 
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removed  l>\  mechanical  mean-.  Tiii-  .-,, intitule-  air-dried  malt,  which  is 
u-ed  fin-  -nine  piirpo-c-.  M..-I  .j,  n. Tally  ii  i-  dried  in  a  kiln  at  a  con-id,  -i- 
ably  higher  temperature.  Thi<  nn,  idnally  applied,  a-  it',  while  tin- 

raw  malt  were  lull  of  moi-tnre,  it  \\ere  (..  IM-  heated  -tron-Jv.  th-  -tan-h 
would  In-  p-latini/.-d  and  tin-  miD  made  t«.n-jli,  haid,  ami  u'hi-M  .  It  i- 

therefore heattnl  first  to  alxHit  !M)    K,  and  this  is  gradually  ia  -  0    I-'., 

Or  even  in  some  Cases  1"   1  *»      1'.       A    li-ht  -radnal    In-al   pi'-du.,-  a  "  |.al.-" 
malt,  a    -trouper    heat  "  yellow"  OF  "  pOM   ami.,  r,"  and    then   "ami..!"   ;,i..l 
"  hruwn"  malt.      Tin-  kiln  may  have  two  ll«M.i>,  on  the  upper  and  cooler  of 
which  the  moist   malt   lo-e-   it-  \\ater  and   then   pas-c-  mi  t«>  the   !<• \\«-r  and 
liMltrr  ll.mr,  whriv  it  i>  hratrd  to  tlirlii^lirr  limit  iv<,mHt«-  t'«.r  d.  \.  |,,p 
empyreomatic  odor  and  flavor,  <>r  tin-  hratini:  may  all  lM-ctli-«-tM|  ..n  a 
Moor,  in  wlii<-h   case   more  time  is  needed    for  tin-  -«-\vral  i    li-atin-. 

Black  malt  u-ed  I'oreolorinLi  i-  heated  in  revolving  r«»!l'.-.-r« -a-t«  r-.  and  m.-t 
of  the  >u-ar  is  earaineli/e<l. 

•J.  IMiKPAKATlnx  OF  Tin:  \V<  MIT.- •  The  malt  al  ter  1  M  in-  d«  aii-«  d  and 
eni>hed  (not  Around  tine)  is  ready  lor  n>e  in  what  i-  kinmn  a-  the  ma-liiiii: 
proees>.  This  is  designed  not  merely  t«»  <  \tra<-t  the  malt«.-e  and  dextrin.- 
o!'  the  malt,  hut  mainly  to  allow  the  di;;>ta>e  ot'  the  malt  t«.a«t  upon  tin- 
starch,  rhaiiiriiu:  it  into  malto-e  and  dextrine  and  the  pepta-e  tn  I'.. cm  p.  p- 
ton.-s  from  the  proteids.  It  muM  therefore  l>e  carrie<l  out  under  *iieh  .  ..ii- 
ditions  of  temperature  and  (lillltinn  a>  have  Leell  fnlllld  t«»  IH-  In-.^t  t; a  \ 

for  effecting  these  puqx^ees.     \\'e  have  alread\  aeen  (p,  iT'.n  that  the  action 

of  diabase  is  most  effective  at  ahont   K'2.~>     (.(11  l.'i     l'\ ),  and   then  ' 

a  temjM-ratnre  not  much  al»ove  this  i-  the  int'iisinn   nm-t    >ncci  ssfully  made. 

At  a  temperature  of  over  75°  (\  its  pmver  i-  d«-ti-o\-ed.      Two  quite  dlStlOd 

processes  for  mashing  are  a1  present  foUowed :  the  infn>i«.n,  «.r  thin  ma-h, 
and  the  decoction,  or  thick  mash,  process.  Thefii-t  i- n-ed  in  Kn^hind  and 
Prance,  the  Second  in  IJavaria,  Uohemia,  and  the  principal  \>\  -ntre- 

<>f  the  Continent.      Hoth  are  used  in  this  cmmtrv.      In  the  intii-i<ni  process, 
water  at  1)0°  to  70°  C.  is  run  into  the  mash-tnl>,  a  ve— d  prnvidid  with  lal-e 
Bottom  and  mechanical  agitation,  the  cnishrd  malt  added  and  -tirnd  in.  ami 
then  additional   hotter  water,  .-«»   that   a   temperature  of  7(»    < '.  (l-"»-s 
Li-radnally  attained,      'fhis  is  maintained    for  ><»me  time  \\ith  c..u-tant 
tion  of  the  li«jiiid,  so  that  the  dia>ta-e  may  have  time  to  act  upon  the  -tardi. 
The  eoni])letion  of  this  action    is  determined   hy  taking  n  few  dn»p-  of  the 
wort  from   time  to  time  and   testing  with  iodine  -ulntion,  \\hieh  finally  pn»- 
duces  no  color  on   mixini:.     The  dear  infn-i«»n   i>  n«.\\  run  oil'  from  under 
the  false  hnttom  of  the  tab  to  the  copper  toilers,  and  the^malt  anain  00 
with    hot  water  and    ma>hed    for  one-half  to  one  hour   longer  at 
somewhat    higher  now.      When   this   is  run  oil',   hot    water    at    '_'«"'      I-',    i- 
si>rinkl(d  ii)H>n  the  malt  from  a  revolving  "sparger"  and  allo\\<d   to  drain 
otV.      The  wort  from  this  third  ma-ii  i-  not  al\\ay-  adde<l  t<»  that  <-t'  the  tir-t 
and  -econ<l  mashes,  luit  is  use<l  to  ma-h  a  tn-sh  <|iiantity  of  malt. 

In  the  Mavarian  thick-ma-h  proec— .  the  malt  i-  put  in  the  ma.-h-tul) 
with  some  cold  water,  and  then  1»\  the  addition  of  Innlin^-  water  i-  lirou^ht 
to  :;."i-  ( '.  A  third  of  the  softened  malt  i-  then  taken  mil  and  lirou«jht 
i;-ra<liially  to  hoilin^  with  water  in  the  coppi-r.  A  tier  one-half  t«.  threi-- 
(juarters  of  an  hour's  hoilin^,  the  half  of  this  is  then  returned  to  the  mash- 
tul)  and  thoroughly  agitated  \\  ith  what  remaiwd  there.  The  i«-mpcniture 
of  the  mash-tub  is  thereby  hrou^ht  to  about  50  (  .  A  -ec,,n«l  portion 
of  the  thick  mash  is  a<^aiii  taken  out  and  Inuled  in  the  copju-r  for  three- 
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quarters  to  one  hour,  when  the  greater  part  is  returned  to  the  mash-tub 
and  thoroughly  mixed,  bringing  up  the  temperature  here  to  65°  C.  The 
thinner  part  of  the  mash,  or  clear  wort,  is  now  run  off  and  boiled  in  the 
copper  for  fifteen  minutes  and  returned,  whereby  the  temperature  of  the  mash- 
tub  is  brought  to  75°  C.  This  is  now  left  at  rest  for  an  hour  to  an  hour 
and  a  half,  and  then  the  wort  is  run  off  to  the  copper.  The  malt  is 
washed  by  the  sparger,  and  so  the  saccharine  liquor  adhering  displaced. 
The  whole  process  is  easily  understood  by  reference  to  Fig.  64,  in  which  A 
is  the  mash-tub  and  C  the  copper  for  boiling  up  the  successive  portions 
taken  from  A. 

It  is  obvious  that  in  the  thick-mash  process  that  portion  of  the  diastase 
contained  in  the  material  which  is  taken  out  and  boiled  is  destroyed,  but  the 
boiling  thoroughly  disintegrates  the  malt  and  converts  its  starch  into  a 
paste.  When  this  is  returned  to  the  mash-tub,  it  is  very  rapidly  acted  upon 
by  the  remaining  diastase,  of  which  there  is  quite  sufficient,  and  changed 
into  maltose  and  dextrine.  By  the  thick-mash  process,  the  sugar  formation 
is  held  in  check  and  the  amount  of  extract  increased. 

The  character  of  the  wort  is  to  be  controlled  by  the  use  of  the  Balling 
saccharometer  (see  p.  156),  as  the  specific  gravity  of  aqueous  malt  extract 
corresponds  to  that  of  cane-sugar  solutions  of  the  same  percentage  strength. 

3.  BOILING  AND  COOLING. — The  wort  is  drained  off  from  the  malt- 
residue,  or  "  draff,'7  and  run  into  the  copper  boiler,  where  it  is  boiled,  while 
the  hops  are  added  at  once  in  amount  varying  from  one  to  three  (or  more 
in  the  case  of  India  ales)  parts  to  the  hundred  of  malt.  The  boiling  accom- 
plishes several  desirable  changes  in  the  wort :  first,  the  protein  material 
present  is  coagulated  and  separates  out,  which  result  is  facilitated  by  the 
action  of  the  tannic  acid  of  the  hops,  which  also  throws  out  any  unchan.nx-d 
starch ;  second,  the  wort  is  concentrated ;  third,  the  valuable  constituents 
of  the  hops  (hop-bitter  and  ethereal  oil)  are  taken  up  by  the  wort  and  give 
to  the  beer  its  taste,  aroma,  and  keeping  qualities.  The  time  of  boiling 
varies  considerably,  requiring  to  be  longer  for  worts  prepared  by  the  infu- 
sion process  than  for  those  by  the  decoction  process.  From  one  to  two 
hours  is  generally  sufficient  where  the  worts  do  not  specially  need  to  be  con- 
centrated. Too  long  boiling  is  injurious,  as  the  volatile  oil  of  the  hops 
may  be  lost  thereby.  Of  one  hundred  parts  of  dry  malt,  sixty-five  to 
eighty  per  cent,  are  taken  up  as  extract  in  the  wort ;  of  one  hundred  parts 
of  hops,  twenty  to  thirty  parts. 

The  wort  is  now  to  be  cooled  preparatory  to  the  fermentation.  This 
cooling  must  be  effected  as  rapidly  as  possible,  so  that  the  lactic  fermenta- 
tion and  similar  changes  may  not  take  place.  The  cooling  is  generally 
effected  in  very  shallow  wide  tanks,  which  are  placed  where  a  good  circula- 
tion of  air  can  be  assured.  From  these  tanks  the  still  warm  wort  is  often 
run  through  a  circuit  of  pipes  cooled  by  ice- water  flowing  around  them,  or 
is  run  in  thin  streams  (known  as  a  "  beer  fall' )  over  a  series  of  pipes  through 
which  cold  water  or  chilled  brine  from  the  refrigerating  apparatus  circulates. 
Such  an  arrangement  is  now  coming  into  extensive  use  in  large  breweries 
provided  with  artificial  refrigeration.  Of  course,  in  such  a  method  of  cool- 
ing the  wort  is  exposed  for  a  considerable  time  to  impure  air  containing 
spores,  which,  getting;  into  the  liquid,  may  afterwards  affect  the  fermentation. 
In  all  cases  where  Hansen's  pure  yeast  is  to  be  employed  the  wort  must  be 
cooled  in  vessels  to  which  only  sterilized  air  has  access.  For  an  arrange- ' 
ment  of  this  kind,  see  Wagner's  "Chemical  Technology,"  13th  ed.,  p.  911. 
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It  is  thus  cooled  down  to  the  point  needed  for  the  beginning  of  the  fermenta- 
tion. This  point  depends  upon  the  character  of  the  fermentation,  whether 
with  top  yeast  or  bottom  yeast ;  for  the  latter  it  must  be  some  8°  to  10°  0. 
below  that  needed  for  the  former.  The  cooled  wort  is  now  allowed  to 
deposit  a  sediment  of  coagulated  albuminoids,  particles  of  hops,  etc.,  which 
were  suspended  in  it  when  the  cooling  began.  This  sediment  is  gathered 
and  pressed  and  the  liquid  added  to  the  rest  of  the  wort. 

4.  FERMENTATION  OF  THE  WORT. — The  wort  may  either  be  left  to 
spontaneous  fermentation  depending  upon  the  spores  of  yeast  ferments, 
which  are  always  present  in  the  air  of  a  brewery,  or  it  is  started  into  fer- 
mentation by  the  addition  of  yeast.  The  former  method  is  followed  in 
Belgium,  but  in  the  great  majority  of  cases  elsewhere  fermentation  is  incited 
by  the  direct  addition  of  a  suitable  yeast.  As  stated  before  in  the  section 
on  the  nature  of  fermentation  (see  p.  177),  there  are  two  radically  diiferent 
methods  of  carrying  out  this  process  in  practice :  the  surface  fermentation 
and  the  bottom  fermentation.  The  first  of  these,  followed  almost  exclu- 
sively in  England  for  all  malt  liquors  and  in  this  country  for  ales,  is  spe- 
cially adapted  for  worts  rich  in  maltose,  and  takes  place  more  rapidly,  at  a 
higher  temperature,  and  produces  more  alcohol.  As  English  worts,  more- 
over, are  usually  prepared  by  the  infusion  method,  a  considerable  quantity 
of  soluble  gluten  is  left  in  the  liquor,  which  on  exposure  to  the  air,  as  in 
half-empty  casks,  may  start  the  acetic  fermentation,  or  souring.  The  second 
of  these,  followed  in  Germany  and  Austria  and  in  this  country  for  lager- 
beer,  proceeds  more  slowly ;  the  production  of  alcohol  is  restrained  by  the 
low  temperature,  and  as  the  fermentation  proceeds  with  freer  and  more 
prolonged  access  of  air,  the  yeast-plants  in  their  growth  consume  the  pro- 
teid  matter  as  food.  Consequently  there  is  less  albuminoid  matter  left  to 
start  souring,  and  the  beer  is  a  better-keeping  beer  than  those  prepared  by 
the  more  rapid  surface  fermentation.  Of  course,  the  proportion  of  malt 
and  hops  used  and  the  alcohol  percentage  also  come  into  consideration  in 
the  matter  of  keeping  quality,  and  may  offset  the  advantage  just  mentioned. 
The  fermentation,  by  whichever  method  carried  out,  may  be  divided  into 
three  stages :  first,  the  main  fe mentation,  which  begins  shortly  after  the 
addition  of  the  yeast,  and  is  specially  characterized  by  the  decomposition 
of  maltose,  the  formation  of  new  yeast-cells,  and  the  rise  of  temperature ; 
second,  the  after-fermentation,  in  which  the  decomposition  of  maltose  still 
continues,  but  the  formation  of  yeast-cells  has  nearly  ceased,  and  the  yeast 
particles  suspended  in  the  beer  settle  out  and  the  beer  clears ;  and,  third, 
the  still  fermentation,  which  follows  the  completed  after-fermentation,  in 
which  maltose  is  still  decomposed  and  some  dextrine  is  changed  into  maltose 
by  what  diastase  is  present,  but  the  yeast-cells  are  no  longer  formed. 

The  fermenting  vessels  are  great  oaken  tuns  holding  fifty  to  one  hundred 
barrels.  The  thick  froth,  or  magma,  of  yeast  is  added  in  amount  varying 
from  one-half  to  three-quarters  of  a  litre  per  one  hundred  litres  of  wort 
of  ten  to  fourteen  per  cent.  It  may  either  be  added  direct  to  the  whole 
body  of  the  wort  and  stirred  in,  or  may  be  mixed  with  a  smaller  amount 
of  the  wort,  allowed  to  stand  for  four  to  five  hours  until  fermentation 
starts,  and  then  the  mixture  added  to  the  main  body  of  the  wort.  In  the 
surface  fermentation  process,  the  main  fermentation  lasts  from  four  to  eight 
days,  during  which  time  the  temperature  must  be  carefully  regulated  and 
held  at  from  14°  to  18°  C.  The  surface  is  at  first  covered  with  a  white 
foam  which  rises,  and  curls  and  breaks  into  a  variety  of  forms.  The 
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temperature    rises   from  t\\o  t«.  f.-nr  d.L-r,  •••-.  and  eare  mn  .  n  to  con- 

trol and  reduce  this,  which  i-  fiv.pientlv  dmte  |,\   tli«-  Q§,  of 

"swimmers,"  holdm-  toe,  floated  at  ih."  t..j,  ,,r  the  tun,  e.M.lin-  the  maw,  or 


tin-   tim>   may   he  .-.,.,  led   a-   i|,r    f,  -,-,,„  ,,t  in-   e,-llar-   a: 

firial    mean-.      '1'hr  fermentation  i-.  n..t  all-.u.-d    •  <  .  .inpl<  t  i«  .n  :lt  this 

initial    temperature,  l.nt    tin-    Ixrr   i-   lran-t.rr.-d    for  the  •  loWW    !'-T- 

inentation    to   cooler   .  ••  -liar-  (of  about    •"»     C.),  \\heiv    it    i-    put    int. 

ea.-k-.      After  -nllieient   tiim-  ln-iv,  it  i-«lra\\n   int..  OMks  OOOtatniDg  beedl- 

\\...,d  shavings,  to  \\hi«-li  i-in-la-  ifl  aonu  fcunei  add.d  t..  ,  |,:II-  it,  :tnd  th.-n- 

is  a<ld.'d  to  it  sniin-   tn-h    f.-niH-ntin-j    beer(uKl  in   tin-    | 

of  mi.-  l.anvl  to  twenty,  \\hirh  .-tart-  a  n.-\\   li-nn.  ntat  i.  -n.  -ivin-  tin-  I- 

"head."       In  tlic  l.nttmn    li'1-inciitati..n,  thr    t;-nnriitinLr  r.-llar  i-  k-  j.t   at    1 

to  ">°  (  '.,  and  the  main  f'rnnrntati«.n  la-t-  trnm  nin.-  t..  t.-u  da\  ^.      Th, 

i'cnncntation  t'ollo\\>  in   rrllar-  mnh-d  t.,  1      t<>  L'     ('..and   la-' 

in^'lv  lon_Li-i-r. 

llcrlin  \\ciss-lxvr  is  l.ivuvd   1'roin   nialtrd  \\li.-at   in  \vhi.-li   ^,mi.   nialt^l 
l.arlrv  is  add«-d,  and  is  frrmented  at    relatively  hi-hrr  t«-ni|M-r:itir 
24°  C.).      At  tin*  end  of  the  main   t'ernientation,  \\hieh   is  fini-h»-d  in  thni- 
days,  it  is  transferred,  with   the  addition  of  x.inc  fre.-h    f.-nni-ntiii. 
ti-htly->toj)j)ed    stone   jii^s,    in    which    th<'   at'ter-11-nnentati..n    tak«-    |.la.-,-. 
- 


In  ein-ht  to  fourteen  days  it  i<  in  condition  for  drinkin--.  It  i-,  of  OCNme, 
rtl'erve-eini:-.  i-  somewhat  tnrlml,  and  has  a  sour  taste  from  la<-ti<-  acid  which 
has  formed. 

5.  PRESERVATION   or   I>I:KI;.  —  Beer  or  ale  intend*  d  f..r  «  \j»..rt  may  ..f 
course  have   keeping  qualities   imparted  to  it  in  its  manufacture  1,\   gj 
addition   of  hops,    or   otherwise,   Imt    most    l»eers   can    have    their   k»-cpin<.r 
(pialities  improved  by  direct   treatment   after  they  are  h'ni.-h«-d   l.«  \, 
This  is  most  legitimately  done   by   the   pro.-,  -^  ot'  ••  I'a-tenri/in^."   \\hich 
e«.n-ists  in  heating  the  beer  either  already  bottled  or  in  e;i-k-  t..  a  ti-iujM-ra- 
ture  of  about  60°  C.,  which  apparently    kills  all    tJ-nnents  which  de\el..p 
the  souring  of   beer.      Less  legitimate  and    forbidden    by    law    in    many 
countries  is  the  addition  of  salicylic  acid,  boric  acid,  or  calcium  bisulphite. 

HE.   Products. 

The  various  designations  that   have  been   ^iven  to  malt   liquors  do  not 

th 


necessarily  imply  distinctive  differences  in  the  character  ot'  the 
They  represent  largely  the  different  ii-a-j-e<  ..f  ditfeivnt  count  rie-  and 
ities.     Thus,  in  England  Alt'  was  at  one  time  brewed  without  hops,  but  the 
term  now  is  applied  to  a  beer  brewed  by  the  surface   fermentation   process, 
which   is  practicallv  the  onlv  method    used    in    Kn^land.      /'<•/•'•/•   ha-   n«»w 
come  to  mean  a  dark  malt  liquor,  made  partly  from  brown  or  black  malt,  tin- 
caramel  in  which  gives  it  the  sweetness  and   -yrnpy  appejirane,-.  and 
taining  four  or  five  per  cent,  of  alcohol.      Stunt  is  a  -tronger  jntrter.  with 
larger  amount  of  dissolved  solids,  and  containing  six  or  sev.-n  p.  i  «  <  nt.  of 
alcohol. 

/,'///</•-/„,/•  is  beer  as  brewed  in  (Jermany  by  the  bottom  ferm.  ntation 
]>ro<-ess,  which  process  is,  moreover,  retarded,  -o  that  the  In-er  has  U-tter 
keeping  qualities.  It  also  \\i\<  a  lar^-r  amount  of  hop-  n-ed  in  it-  jtrodue- 
tion.  It  18  brewed  in  winter  for  storage  and  use  in  -ummer.  S<-1,,  ,<l;Jlt,  r 
is  also  a  bottom  fermentation  beer,  but  ixl.-i^ncd  for  use  as  soon  as  tini-h«-d, 
and  the  process  is  somewhat  quicker  than  with  lager-be,  -r,  and  a  smaller 
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amount  of  hops  is  "used.  Bovk-lxer  is  a  stronger  lager-beer,  made  with 
one-third  more  malt,  and  brewed  specially  in  the. spring  of  the  year.  Weiss- 
beer,  as  before  stated,  is  made  chiefly  from  malted  wheat,  and  is  yet  in  the 
after-fermentation.  Most  other  names  are  from  localities,  and  represent  the 
characteristic  products  of  those  places. 

The  composition  of  various  English  and  German  beers  is  given  in  the 
accompanying  table  on  the  authority  of  Professor  Charles  Graham.  (Allen, 
Commercial  Organic  Analysis,  2d  ed.,  vol  ii.  p.  92.) 
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Burton  pale  ale    .  . 

1.75 

2.48 

0.21 

0.55 

5.13 

0.02 

0.14 

5.37 

1:1.05 

Burton  bitter  ale  .  . 

1.62 

2.60 

0.16 

0.87 

5.42 

0.01 

0.17 

5.44 

:100 

Mild  X 

1  87 

1  88 

020 

1  30 

539 

004 

0.14 

4.60 

:085 

XXX     

2.88 

0.30 

1.48 

6.80 

0.02 

0.10 

6.50 

:0.96 

Scotch  export,  bitter 
Dublin  stout,  XX    .       . 
Dublin  stout,  XXX.       . 

1.62 
3.45 
535 

2.50 
3.07 
2.09 

0.30 
0.26 
0.43 

0.70 
1.76 
1.40 

5.21 

8.71 
9.52 

0.16 
0.0  1 
0.04 

0.09 
0.17 
0.25 

5.00 
5.50 
6.78 

:0.96 
:0.63 
:0.71 

Vienna  lager 

1  64 

2  74 

0  36 

1  12 

590 

002 

0.13 

469 

:078 

Pilsen  lager   ... 

069 

265 

020 

0.59 

422 

0.02 

0.09 

3.29 

:0.80 

Munich  lager 

1  57 

3  15 

040 

1  82 

708 

001 

0.14 

4.75 

:0.67 

The  composition  of  various  American  beers  and  ales  as  analyzed  by 
C.  A.  Crampton,  of  the  United  States  Department  of  Agriculture,  is  also 
given.* 


6 

1 

3 

t/3 

_u 

*n 

OT 

a 

o 
z 

— 

Q. 

1 

a 

<c£? 

^ 

£ 

i 

52 

w 

ll 

•£ 

o 

11 

* 

& 

3 

J2 

f 

c 
.S 

=H 

W 

* 

cc  be  . 

Milwaukee  lager,  bottled    .... 

1.10 

1.57 

0.51 

0.057 

0.196 

0.065 

4.18 

4.28 

1.0100 

Milwaukee  export  beer,  bottled  . 

1.06 

263 

0.40 

0.057 

0.309 

0.056 

5.40 

4.42 

1.0140 

Milwaukee  "  Bohemian  "  beer  .  . 

1.82 

3.01 

0.406 

0.071 

0224 

0.057 

5.88 

4.16 

1.0183 

Milwaukee  "  Bavarian"  beer  .   . 

1.75 

2.87 

0.556 

0.074 

0.346 

0.077 

6.26 

5.06 

1.0187 

St.   Louis  export  beer     

2.14 

2.51 

0.463 

0.067 

0.312 

0.074 

6.15 

440 

1.0178 

St.  Louis  pale  lager,  bottled  .   .   . 

2.17 

2.75 

0.463 

0.067 

0.312 

0.064 

4.64 

4.28 

1.0178 

St.  Louis  "  Erlanger"  beer,  bottled 

2.51 

2.58 

0.675 

0.046 

0.183 

0.093 

6.82 

4.68 

1.0203 

Philadelphia  Ui<ier,  bottled        .   . 

1.46 

2.30 

0.538 

0.086 

0.241 

0.078 

522 

4.29 

1.0147 

Philadelphia  "  Budweiss,"  bottled 

2.14 

2.57 

0.531 

0.046 

0.2fi5 

0.095 

5.94 

4.52 

1.0181 

Philadelphia  ale,  bottled    .... 

O.f.9 

0.90 

0.531 

0.232 

0.401 

0.085 

3.46 

6.24 

1.0059 

Reading  ale,  bottled            .   .  . 

0.93 

1.99 

0.731 

0382 

0472 

0.077 

5.55 

6.92 

1  0125 

Reading  porter,  bottled    

2.67 

2.88 

0.763 

0.166 

0.412 

0.100 

8.19 

4.89 

1.0269 

IV.   Analytical  Tests  and  Methods. 

1.  FOR  MALT. — The  brewing  value  of  a  sample  of  malt  is  dependent 
upon  three  factors, — namely,  the  proportion  of  soluble  or  extractive  matter 
it  will  yield  to  water ;  the  character  of  this  extractive  matter ;  and  the  dias- 
tatic  activity.  The  extractive  matter  in  malt  is  usually  determined  by  a 
miniature  mashing  processs.  This  is  carried  out  as  follows  :f  The  malt  is 
first  crushed  uniformly  fine ;  fifty  grammes  are  then  weighed  out  as  rapidly 
as  possible  (on  account  of  its  hygroscopic  character),  and  placed  in  a  weighed 

*  United  States  Department  of  Agriculture,  Bulletin  No.  13,  Part  iii.  p.  282. 
f  Allen,  vol.  ii.  p.  269-. 
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beaker  \villi  t\\o  hundred  ami  fifty  cent  im<-t  n-    of  drilled  \\at«  r   at    ~>0O  to 
02°  ('.       After  a  -h.,rt  di'j'-iiMn  at  tin-    temperature,  the   1,,-at    i-   gradually 
rai-ed  t«.  .V.r  nr  »;n     (  '..ami  tin-  l.  -in|N-ratuiv  maintained  until  a  di..|, 
from  the  liquid  cease  t..  -ivi-a   blue  co|.,r  \\ith   iodine  .xolution  ami   nearly 
ceases  t.»  give  a  hro\\n.      Tin-  In  -at   i-  then  in--i.  a-  d  to  ah..iit   7<>'  <  '.  in  ,,rd.'r 
to  complete  the  saccharilieation,  \\hen  tin-  \\at.-r  in  the  hath  -urroundi: 
Leaker  is  boiled  lor  live  minute-.      The    Laker   i-   then  .-,,..  l.-<|  and  th- 
tents   liltei-ed.      The   in-oluhle   matter   i-    \\a-ln-d    \\itli   c.,|d    uater.   and    the 
filtrate  is  made  up  exactly  t<>  lour  hundred  cubic  eentim.  ti.  -.       1  he  den~it\ 
of  the  deal1  \\ort    18  next    taken  at    l"i."i     (  .i«i<»     !•'.  ravitv 

hottlc.       Fur  iiioM   purpo>e>,  it   i-  -uHieientlv  a--,  ui-at.    t-.ii.ak.'    up  tl..-  iintil- 
teivd  \vurt    to  1'uiir    luimlrcd   and    lilteen   <-ul»ie  eeut  im.  1  1  ••  •>.  liltrr  a    p< 
thruiiirh   a  dry  filter  and   take  the  density.      'I'he  drall'  i-   h-i.    a-um.tl   t.. 
inea-ure  fifteen  eul.ie  centimetre^,  and  the  tedimi-  \\a-hin-  i-  di-j..  ii-^l  with. 

' 


The   excess  of  density   uvei-   that    ..!'  \\aler  (taken    at     1  nun  )  multiplied    l.y 
•_'.(>7S  will   trivc  the   percentage  oi'  di-y  extract   yielded    hv  the   malt.      ThU 
meth<Kl  is  based  on  the  fact  that  each  -raiuine  ,,f  malt  extract    |HT   liiiiidnil 
cubic  centimetres  of  infusion    has   been  >ln,\\  n    by  experiment    t"   rai-e  tin- 
density  of  the  liquor  by  ;5.85  den-ree^  (uater        1000),     Th.    flam   . 
is  then  the  fraction  -J%T.      Instead  of  ascei  tainint;-  the  ^ravitv  of  the  infu- 
sion, the   proportion  ot  solid  matter   may  IM-  d<  termined    by  evap«.raf 
known  measure  of  the  wort    to  dry  ness  in  a  Hat-lM.ttumrd   di>h  >••   that    the 
residue   may    form   a   thin   film.       This   is  dried   at    In.",      (  .   and  \N« 
(  )ther  methods  are  those  of  Met/,*  with  the  use  of  S-hult/e'-  tables,  and  of 
Met/  as  improved  by  Weiss. 

The  determination  of  diastatic  power  in  a  .-ample  of  malt  is  also  of  im- 
portance in  valuing  it,  even  if  the  full  diastatic  p<.  \\er  i-  not  likely  to  be 
called  out  in  the  brewing  process,  where  it  is  usually  in  e\ce>s  of  the  n.  .  d  f..r 
th<-  production  of  a  beer-wort.  The  older  pro<  «—  «>f  Limn,  r  •'  dep<  nd.d  u|xui 
determining  by  the  aid  of  Fehling's  solution  the  amount  «»f  malto-e  pro- 
duced by  the  action  of  a  cold  infu-ion  «»f  the  malt  upon  a  ima-un  d  sturrh 
solution.  This,  however,  sii|)jn>s«s  that  the  action  of  dia-ta-e  UJM.U  -tan  h 
in  the  cold  is  alwavs  nnifu'rm  and  produoefl  the  >aim-  relative  amount  "t" 
maltose,  which  is  now  regarded  as  a  matter  ..f  -..nn-  uncertainty.  Tin- 
method  proposed  by  Dunstail  (Allen,  iM  cd.,  vol.  ii.  p.  27£  -:m|ily  in-te^ 
the  end  of  the  transformation  of  the  March  by  the  absence  «,f  c,,l<.r  \\ith 
i«>dine  solution.  For  it  five  grammes  of  very  tinely-p..  \\den  d  malt  are 
digested  and  agitated  for  one  hour  with  fifty  cubic  eeiitimetr.  -  ..l  ...Id  \\ater. 
The  li<|iiid  is  then  strained  oil'  and  the  residue  again  di.  i-  an  hour  with 

fifty  cubic  centimetres  of  water,  and  the  liquid-  are  then  mixed  and  math-  up 
to  one  hundred  cubic  centimetres.      Five-tenth-  gramme  "f  -larch  (di 
100°  C.  before  weighing)  is  gelatini/ed   by  lx»iling  with  water,  and  the  cold 
liquid  diluted  t  .....  ie  humlrnl  cubic  centimetres.      The  solution  of  malt  extra-  i 
is  then  added   to  twenty  cubic  centimetre-  of  thi-   mueila-e   by  in-talment- 
of  one  cubic  centimetre,  at  interval-  of  half  an  hour,  until  it  c.-a-«--  t 
any  color,  when  a  small  (juautitv  i-  tested  \\  ith  a  dilute  sulutiun  ot'  iodine. 
If  less  than  one  cubic  centimetre  ot'  the  -olutimi  pr«Kluc<^  tin-  etH-ct,  moreof 
the  mucilage  -hoiild  be  adde«l  and  the  ..perati«.n  o.ntinu.  ••!. 

To  determine   the   -oluble   j»roteid-   uf    malt    a~imi«d    to  represent  the 

*  Stohmtinn  Mini  K.-i-l.  T.-chnisi-ho  Chfiuie,  4th  ed.,  pp.  1846-1 
f  Lintner,  Die  Bierbrauerei,  p.  680. 
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diastase  C.   Graham  proposes  to  use  the  Wanklyn   albuminoid-ammonia 
process. 

2.  FOR  BEER-WORTS. — The  determination  of  the  specific  gravity  of  the 
wort  is  of  importance,  as  from  this  may  be  calculated  the  total  solid  matter 
in  the  wort.     If  from  the  specific  gravity  of  the  wort  we  take  1000,  and 
divide  the  difference  by  3.85,  we  get  the  number  of  grammes  of  solid  extract 
contained  in  one  hundred  cubic  centimetres  of  the  wort.     For  the  purpose 
of  the  brewer  special  forms  of  hydrometers  have  been  constructed,  the  read- 
ings of  which  are  immediately  available.     Thus,  Bates's  saccharometer  gives 
readings  of  pounds  per  barrel  (of  thirty-six  gallons), — that  is,  excess  of 
weight  in  pounds  of  a  barrel  of  wort  over  the  same  bulk  of  water.     These 
readings  can  then  be  converted  into  real  specific  gravity  figures  by  a  simple 
proportion,  using  the  weight  of  a  barrel  of  pure  water,  of  this  wort  with 
the  excess  of  weight  shown  by  the  saccharometer  reading  and  the  specific 
gravity  of  pure  water  as  terms.     The  Bates  saccharometer  readings  can  be 
converted  into  those  of  Balling  or  Brix  by  the  following  formula :    Ball- 

260  Bates  .   . 

mg=  —  _        p    — .     Hie  method  of  ascertaining. the  original  gravity  of 

beer-worts  which  have  undergone  fermentation  is  described  later.      (See 
following  page.) 

In  brewing,  the  relative  proportion  of  maltose  and  dextrine  in  the  wort 
is  of  great  importance  and  is  liable  to  considerable  variation,  being  dependent 
on  the  temperature  at  which  the  mashing  was  conducted,  the  length  of  time 
occupied  in  the  process,  and  the  diastatic  activity  of  the  malt  employed. 
The  composition  of  the  wort  largely  influences  the  subsequent  fermentation, 
as  a  wort  containing  little  dextrine  will  produce  of  beer  of  low  density  which 
will  clarify  readily,  but  be  "  thin"  and  apparently  much  weaker  than  beer  of 
the  same  original  gravity  but  higher  final  attenuation.  C.  Graham  esti- 
mates the  maltose  and  dextrine  in  beer-worts  from  the  cupric  oxide  reducing 
power  of  the  solution  before  and  after  inversion.  (For  details  of  his  pro- 
cedure, see  Allen,  vol.  ii.  p.  274.)  West  Knight  (Analyst,  vii.  p.  211)  has 
described  a  very  simple  and  rapid  method  of  approximately  determining 
the  dextrine  in  beer-worts.  Ten  cubic  centimetres  of  the  wort  is  treated  in 
a  small  weighed  beaker  with  fifty  cubic  centimetres  of  methylated  spirit  of 
.830  specific  gravity.  This  causes  the  precipitation  of  the  greater  part  of 
the  dextrine,  which  after  a  few  hours  collects  on  the  bottom  of  the  beaker  as  a 
gummy  mass,  from  which  the  alcoholic  liquid  can  be  poured  off.  The  deposit 
is  rinsed  with  a  little  more  spirit,  and  the  beaker  dried  in  the  water-oven 
and  weighed.  To  the  weight  obtained  an  addition  of  .045  gramme  is 
made  as  a  correction  for  the  dextrine  retained  in  solution  by  the  spirituous 
liquid. 

3.  FOR  BEER. — The  specific  gravity  of  the  beer  is  a  determination  that 
is  necessary  as  a  basis  of  calculation  for  the  other  determinations  as  to  its 
composition.     It  should  be  made  after  freeing  the  beer  from  carbon  dioxide 
as  fully  as  possible.     It  can  be  made  with  a  specific  gravity  flask,  but  is 
most  readily  and  accurately  carried  out  with  a  Westphal  specific  gravity 
balance  (see  Fig.  34),  which  for  this  purpose  is  provided  with  a  fourth  rider 
giving  the  fourth  place  of  decimals. 

The  amount  of  extract  is  frequently  determined  by  taking  a  definite  volume 
of  beer  of  which  the  specific  gravity  has  been  determined,  evaporating  it  to 
one-third  its  bulk,  and  then  adding  water  sufficient  to  restore  it  to  original 
bulk.  The  specific  gravity  of  this  liquid  is  then  determined  as  just  described. 
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Tin-    percentage  of  extlftel    can    IIO\N     I..-    IMIIII.I    |,N    a    n  -fi  n  in-     U)   S-hul/e'- 
table-    fin-  determining;   tin-  amount  of  extract    b\    -peeifii     gravit\  .  ..T  more 

simply    by    (  )'Slllli\an'-    method,    ill    which     the   e\ce—   .if    t|,i-    -|  :a\it\ 

over  LOGO  divided  by  3.86  gi\e-  the  number  of  grammes  oi  oryextn 

OIK-  hundred   cubic  cent  iniet  iv-  of  the  I,.-,  r.      Sobllltl  »  it  decid.-dlv 

more  accurate  to  « -v:i  I  H  ,ral.  •  I'm-  cubic  c,  in  mi.  t  iv-  ,,f  tl,,  !„.,.,-  ,,n  a  flat 
watch-cry.-tal  in  an  air-hath  at  a  tempera! uiv  ,,f  7u  |,,  , 

[dele  drying  of  the  film  require-  about  t\\ent\--i\  i t, 

'l'li«-  percentage  of  ofooio/ ia  best  determined  h\  .li-iill:iti..n.     For  thi^ 

juir|)«.M-  one  Iniiidn-o!  <-nl»i<-  rmlinn-tn--  of  tin-  l»< -,  r  an  l:,|xl  n<  a  ti-u  «lr..ji- 
of  <-aii-tic  >«M!;I  a<Mc<l  t<>  iu-iitrali/.r  the  t'r.c  aci«l,  ami  tin-  li<|im!  liroii^lit  im 
to  alxmt  one  luiii(lrc<l  ami  fifty  cubic  <vntimcir.-.  It  i-  th.  n  <li-till.«|  \\itli 
tlic  aid  ol'  a  Licl.jo  .-uiidcii-cr  into  a  uri'ndiuitrd  f!a-k  i.ritil  n.arlx  ..n,-  hun- 
dred cubic  ccntiinctro  ha\c  QOnW  <>\.T.  'Tl,,-  .li^tillatc  i^  n..\\  thoroughly 
mixed,  cooled  to  15°  C.,  and  then  bmu-ht  exactly  t..  the  |<  »n-(  ,,|,|(-< ,  nti- 
inetre  mark  and  a^ain  mixed.  It-  -j.e.-ilic  -j-ravitv  i-  u..\v  taken,  and  1'n.iu 
a  -.t  uf  alcohol  tables  (sec  1  lehner'-  table-,  A  |i|n-ndi\.  p.  Ill  \  )  the  p.  i  dltage 
of  alcohol  by  weight  of  the  distillate  found.  Then  a-  the  -peeiii,-  -.,-.., N  jts  ,,t 
the  oi'iiiinal  sample  is  to  the  >|>eeitie  gravity  of  the  distillate  -.,  i-  the  \ 
pel-  <-ent.  in  the  distillate  to  the  weight  per  cent,  in  the  ori«rinal  sample.  I  n- 
dii-ectly  the  alcohol  jwrrj-ntap-  can  be  determined,  althoii-h  not  \\itli  tin- 
same  accuracy,  by  the  aid  of  the  data  gotten  in  the  detenninati f  e\tiact 

already  narrated.  For  if  the  specific  gravity  of  the  ori'jinal  -ample  In- 
divided  by  the  specific  gravity  of  the  de-alcoholi/e<l  solution  \ve  ^rt  the 
specific  gravity  of  the  alcohol  driven  off,  from  which  figure  the  |>.  n -, uta-. 
by  weight  of  alcohol  can  be  gotten  in  the  table-.  When  both  the  al« •••h"l 
and  the  extract  percentage  of  a  beer  are  known,  by  liallin-'-  metho<l  the 
percentage  of  extract  in  flir  ui-'njinttl  ir<>/-f  can  be  calculated,  and  then  with 
the  aid  of  this  and  the  percentage  of  extract  in  the  U>er  the  "attenuation" 
or  diminution  in  the  gravity  of  the  original  wort  due  to  fermentation  and 
alcohol  production  can  be  determined.  A^  the  weight  of  alcohol  produce! 

is  approximately  liftv  per  cent,  of  the  saccharine  matter  de-tio\.d  l»\  the 
fermentation,  we  have  the  formula  'l<i+e  =  w,  in  which  </  is  the  alcohol 
percentage,  c  the  extract  percentage  of  the  beer,  and  //•  the  |M  iv, -nta-je 
>ir«  ii-th  of  the  original  wort.  Then  using  this  figure  jn-t  obtained  MM  1"" 
::2a::r,  in  which  .r  will  represent  the  degree  of  attenuation.  More  accu- 
rately, the  actual  degree  of  fermentation  (  H'/V/7/rA< r  I"« •/•//// A  •••»/)  i> 
gotten  by  the  proportion  />  :j> —  //  :  :  KM)  :  <•',  in  which  ^  i-  the  extraet  in  the 
original  wort,  //  the  extract  in  the  beer,  and  /•'  the  actual  fermentation  de- 
give  :  (  i>  —  „} i  is  termed  the  kk  real  attenuation."  It  is  obvi.m-  from  thet\\.. 
|»roportion>  given  that  in  practice  'In  i-  often  taken  a-  <ijuivaleut  to  i  ^  —  /<). 
'Fins  i>  not  -trietly  correct.  It  i-  found  in  the  ti-rmentatiou  of  I>eer-\\..rt- 
that  K)()  parts  of 'extract  yield  ls.:;nl  part-  of  alenh.,1,  >o  that  \\hat  i- 
termed  an  "alcohol  iiietor"  is  nece—ary  to  convert  one  into  the  other.  In 
England  a  different  procedure  is  followed.  A  definite  volume  of  b. 
taken  and  one-half  distilled  off'.  This  di-tillate  i-  brought  up  with  water 
at  60°  F.  to  the  original  volume  and  its  -pccilic  gravity  taken.  The  differ- 
ence between  lonoaiid  the  observed  gravity  is  called  the --pint  indication" 

of  the  beer.  With  this  can  be  toimd.  in  a  table  prepared  for  the  Inland 
Revenue  <  Mliee,  t  he  "  deg rees  of  gravity  lo-t"  by  the  attenuation  of  the 
wort.  Then  the  liquid  leil  in  the  retort  after  the  distillation  i-  dilute!  with 
water  and  brought  up  to  the  original  volume,  when  it.-  >p«-eifie  gravity  is 
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carefully  taken.  This  is  called  the  "  extract  gravity/'  and  this  added  to 
the  degrees  of  gravity  lost  gives  the  "original  gravity  of  the  wort." 

The  acidity  of  beer  is  partly  due  to  lactic  and  succinic  acids,  which  are 
fixed  acids,  and  partly  to  acetic  acid,  which  is  volatile.  The  fixed  acids 
are  usually  determined  jointly  in  terms  of  lactic  acid  by  dissolving  the  dry 
extract  of  the  beer  in  water  and  titrating  the  solution  with  decinormal 
alkali  solution.  Baryta- water  is  preferred  by  many  chemists,  as  the  sul- 
phate of  baryta  which  forms  carries  down  much  of  the  coloring  and  allows 
the  end  reaction  to  be  better  seen.  The  volatile  acid  of  beer  is  chiefly  acetic 
acid,  which  is  usually  determined  by  subtracting  the  measure  of  alkali 
required  to  neutralize  the  extract  from  that  required  by  the  original  beer 
(after  getting  rid  of  the  carbonic  acid  by  shaking  thoroughly). 

The  chief  adulterations  of  beer  are  from  the  use  of  salicylic  acid  as  a 
preservative  and  the  addition  of  various  bitter  principles  as  substitutes  for 
hop-bitters.  The  salicylic  acid  may  be  searched  for  by  concentrating  the 
beer  to  one-half  at  a  gentle  heat  and  shaking  the  cooled  liquid  with  ether, 
or  a  mixture  of  ethylic  ether  and  petroleum-ether.  The  ethereal  layer  is 
then  separated,  evaporated  to  dryness,  and  the  residue  dissolved  in  warm 
water.  On  adding  ferric  chloride,  a  violet  coloration  is  produced  if  salicylic 
acid  be  present.  Other  chemists  recommend  dialyzing,  when  the  salicylic 
acid  will  readily  dialyze  into  the  pure  water  and  can  then  be  tested.  For 
the  detection  of  the  bitter  principles  used  as  substitutes  for  hops  elaborate 
schemes  have  been  proposed  by  Enders  (given  in  Allen,  vol.  ii.  p.  97)  and 
Dragendorff  (Gerichtliche-Chemische  Ausmittelung  der  Gifte). 


C.  THE  MANUFACTURE  OF  WINE. 
I.   Raw  Materials. 

1.  THE  GRAPE. — While  the  name  wine  is  often  used  to  include  the 
products  of  the  spontaneous  alcoholic  fermentation  of  any  sweet  fruit  or 
berry,  it  is  usually  limited  to  the  product  of  the  fermentation  of  the  grape, 
which  alone  is  cultivated  on  an  extensive  scale  throughout  the  civilized 
world  purely  for  the  manufacture  of  wine. 

The  cultivation  of  the  grape-vine  and  the  production  of  wine  therefrom 
dates  back  to  the  earliest  historic  times.  Beginning  in  the  East  and  the 
Mediterranean  lands,  it  extended  northward  and  westward  until  at  present 
France  is  the  chief  wine-producing  country,  while  Germany,  Austria,  Spain, 
and  Portugal  have  all  established  flourishing  wine  industries  indigenous  to 
their  soil.  In  this  country,  the  wine  industry  is  mainly  established  in  the 
States  of  Ohio,  New  York,  Virginia,  and  California. 

The  varieties  of  the  vine  (estimated  to  number  almost  two  thousand) 
hitherto  cultivated  in  Europe  are  all  said  to  be  derived  from  the  single 
species,  Vitis  vim/era.  In  this  country  four  or  five  wild  species  have  yielded 
varieties  which  when  cultivated  have  proven  adapted  to  wine  production. 
Thus  Vitis  riparia,  or  "  frost-grape,"  has  yielded  as  cultivated  varieties  the 
Taylor  and  the  Clinton  grapes ;  the  Vitis  cestivalis,  or  "  summer-grape,"  has 
yielded  as  varieties  Norton's  Virginia,  Cythiana,  and  Herbemont ;  the  Vitis 
Labrusca,  or  "  Northern  fox-grape,"  has  yielded  as  varieties  the  Catawba, 
Isabella,  Concord,  and  Delaware  grapes ;  the  Vitis  vulpina  or  rotundifotia, 
or  "Southern  muscadine,"  has  yielded  as  varieties  the  black,  red,  and  white 
Scuppernong.  Numerous  varieties  of  the  European  vine,  the  Vitis  vinifera, 
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have  also  been  cultivated  BU006«fllHj  in  <  'aliforma.  aiu..ii-  which  may  |N- 
mentioned  the  MisHMM,  Ki.-lin-j.  Trammer,  Knlander.  liim-drl.  ami  /in- 
fandcl. 

Tin-  grapefi  OW€  their  wine-producing  value  in  tin-  liiM  place  to  the 
grape  (MI-  invert)  Mi-ar  \\hich  they  contain,  and  in  tin-  n-eoiid  place  t«.  the 
free  acid-,  which  in  tin-  latrr  ripming  of  the  win.-  an-  !••  d«-\e|,,p  the  fra- 
grant ethen,  and  to  the  albuminoids,  \\hi.li  exert  a  great  influence  on  the 
fermentation.  The  composition  «,r  t|,,.  grape  vari.-  of  OOUVM  in  dill',  n  nt 
localitio  and  even  from  year  I"  Near  in  the  MUM  U^lity,  but  it-  mean  com- 

position i>  thn>  Mated  l.y  K(">ni-  :  Ghrape-sugar,  1  L36  per  "nt.;  fine 

(tartarie),  .79  J)er  cent.  ;   nitn^vnnii-  material.  .59  |M-I-  .  -ent.  ;    nmi-iiitrageil- 


oils  e\ti-aet,  l.JMJ   per  cent.;   >kin-  and   kernel.  3.60   per  tsentj   :i-h,  .">n  |H-r 
cent.  ;  and  water,  78.17  JHT  cent. 

The  grajK»s  are  taken  I'm-  wine-making  only  \\hen  they  are  fully 
and  in  many  localities  it  is  e\<  n  customary  to  \\ait  until  the  «.:ra|M-  ~h«.\\-  a 
slight  aj)|)earanee  of  over-ripene—  or  evidence  of  xviltinjr,  so  that  the  niaxi- 
mnin  ot'  sweetness  may  be  attained.  In  BOUM  ea<es  the  jrni|»es  are  plnek.d 
from  the  stems,  either  by  hand  or  by  the  aid  of  three-j.ron-ed  fork-,  while 
in  other  eases  the  steins  are  left  when  they  are  crushed  in  order  that  the 
tannin  so  obtained  may  aid  in  the  clearing  of  the  fermenting  juice.  Tin- 
juice  is  known  as  "must,"  and  the  pressed  pulp  and  >kin-  a-  the  ••  mare." 

2.  THE  MUST.  —  This  may  properly  be  considered  a-  >till  a  raw  mate- 
rial, as  its  expression  from  the  grapes  is  purely  a  mechanical  pnxvss.  This 
is  now  generally  effected  by  power-presses  of  various  form-,  ahhoujh  at 
one  time  largely  effected  by  trampling  the  grapes  under  feet.  (This  method 
is  still  followed  in  the  Oporto  and  the  Madeira  wine  district.-,  i  The  first 
jx>rtion  of  must  that  runs  from  the  presses  is  often  collected  separately,  a- 
it  is  the  juice  of  the  ripest  and  sweetest  grapes;  that  which  conies  later  i> 
richer  in  acid  and  in  tannin,  as  it  comes  partly  from  unripe  graj>es  and 
partly  from  the  stems  and  skins.  The  amount  of  must  that  i-  obtained 
usually  ranges  from  sixty  to  seventy  parts  in  the  one  hundred  of  grap'  B, 

The  composition  of  this  must  is  of  the  greatest  importance,  as  upon  it 
dejM-nds  the  character  of  the  wine  that  will  be  produced,  whether  it  shall 
ferment  normally  throughout  and  develop  the  perfect  flavor  and  aroma  de- 
sired, or  whether  it  shall  be  thin  and  sour  and  show  tendencies  to\\  a  id- 
alteration  or  "disease."  The  proportions  of  its  constituent-,  e-p«  eially  the 
grape-sugar,  may  vary  within  quite  wide  limits  from  year  to  year,  and  in 
grajx?s  grown  in  the  same  year  under  different  conditions  of  soil,  exposm 

Thus,  two  different  musts  of  1868  are  given  and  two  musts  of  the  -ame 
variety  of  grape  in  two  succeeding  years,  the  first  of  which  was  a  favorable 
year  and  the  second  an  unfavorable  year.  The  analyses  are  all  by  Neubauer. 


Sugar. 

Fn, 

acid. 

Albumi- 
noids. 

Ash. 

Non-nitro- 
genous 
extract. 

Water. 

Nerobergcr  Riesling,  1868  
Steinbercer  Auslesc  1868 

!8.06 

.,}  .,, 

0.42 
0.43 

0.22 
0.18 

0.47 

4.11 

76.71 

70.78 

Hattonheimer,  1868,  (good  vetir)  .  .  . 
Hattenheimer,  1869,  (bad  year)  .  .  . 

16.67 

0.46 
0.79 

0.19 
0.33 

0.44 
0.24 

6.43 
6.17 

69.91 

rajo 

The  percentage  of  grape-sugar  in  the  must  sinks  at  times  to  twelve  per 
cent.,  and  may  rise  as  high  as  twenty-six   to  thirty  JMT  cent.     The  ratio 
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between  acid  and  sugar,  according  to  Fresenius,  ranges  from  1  : 29  for  good 
varieties  of  grapes  in  good  years  to  1  : 16  for  inferior  varieties  in  medium 
years.  If  the  ratio  falls  as  low  as  1  : 10,  the  grapes  are  unripe  and  taste 
acid.  This  ratio  of  acid  to  sugar  is  now  generally  taken  as  the  criterion  for 
the  quality  of  the  must  in  any  year  or  special  locality. 

In  bad  seasons  the  free  acid  is  more  generally  malic  than  tartaric,  which 
is  the  normal  constituent. 

n.   Processes  of  Manufacture. 

1.  FERMENTATION. — The  fermentation  of  the  must  is  a  spontaneous 
one  following  exposure  to  the  air,  and  due  to  the  spores  which  drop  upon 
the  surface  of  the  must  as  exposed  in  the  fermenting-tubs.  It  may  be  a 
surface  fermentation,  taking  place  at  temperatures  of  15°  to  20°  C.,  as  is 
the  practice  in  Italy,  Spain,  and  the  south  of  France,  or  a  bottom  fermen- 
tation, taking  place  in  cooler  cellars  at  5°  to  12°  C.,  as  is  the  practice  in 
Germany  and  with  the  finer  French  wines.  The  first  method  produces  a 
fiery  wine  rich  in  alcohol,  but  without  bouquet  or  aroma  ;  the  second  method, 
lighter  wines  with  delicate  bouquet,  due  to  the  formation  of  wine  ethers. 
In  either  case  the  fermentation  can  be  divided,  as  was  the  case  with  malt 
liquors,  into  three  stages :  the  first,  or  main  fermentation,  which,  according 
as  the  surface  or  the  bottom  fermentation  method  is  followed,  lasts  from  three 
to  eight  days,  or  from  two  to  four  weeks ;  the  second,  or  still  fermentation, 
which  lasts  until  the  following  spring ;  and  the  third,  the  storage  fermen- 
tation, which  lasts  for  several  years,  until  by  the  gradual  development  of  its 
bouquet  it  becomes  perfectly  ripe. 

In  the  case  of  red  wines,  the  main  fermentation  is  allowed  to  take 
place  with  the  marc  added  to  the  must,  so  that  as  the  alcohol  is  developed 
it  may  dissolve  out  the  coloring  matter  (oanocyanin)  of  the  skins  as  well  as 
some  of  the  tannin,  which  latter  is  of  benefit  in  effecting  a  more  rapid 
separation  of  the  protein  materials.  To  prevent  this  pulpy  mass  from 
rising  to  the  surface  and  starting  a  souring  of  the  wine,  perforated  covers 
are  often  used  in  this  case  to  hold  it  down.  In  the  main  fermentation,  the 
casks  are  usually  freely  exposed  to  the  air  Many  wine  experts  recommend 
in  addition  the  aeration  of  the  fermenting  must  or  a  whipping  of  the 
liquid,  so  as  to  induce  a  fuller  and  more  vigorous  fermentation  On  the  other 
hand,  other  authorities  consider  that  this  excessive  exposure  to  air  injures 
the  quality  and  aroma  of  the  wine,  and  recommend  only  a  partial  exposure 
to  the  air  after  the  main  fermentation  has  begun  As  the  main  fermenta- 
tion comes  to  an  end,  the  yeast  (with  more  or  less  tartar,  gummy  matter, 
and  albuminoids)  settles  to  the  bottom,  the  liquid  clears  and  is  ready  to  be 
racked  off  into  casks,  under  the  name  of  young  wine  (Jungwein),  to  undergo 
the  after-  or  still  fermentation.  If  the  racking  off  does  not  take  place 
promptly  with  the  ending  of  the  more  energetic  main  fermentation,  the 
young  wine,  of  which  a  considerable  surface  is  exposed  to  the  air,  is  very 
apt  to  start  into  the  acetic  fermentation.  The  casks  into  which  it  is  now 
put  are  kept  quite  full  in  order  to  prevent  this  undesirable  change,  slight 
additions  being  made  every  few  days  if  necessary,  and  the  bungs  are  set 
loosely  in  place.  During  this  after-fermentation  there  deposits  upon  the 
inner  walls  of  the  cask  argols,  or  impure  acid  potassium  tartrate  (Wein- 
steiii),  with  some  yeast  and  albuminoid  matter.  This  fermentation  lasts 
from  three  to  six  months,  and  then  the  wine  is  racked  off  again  into  smaller 
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to  undergo  tl,,.  linal  ri|M.Miii-,  in  which  the  iNHKjiict  of  tin-  \\in«  is 
especially  developed  by  tin-  format!.  .11  of  eth.  r-,  \\hil.-  it  dCBM  BON  thor- 
oughly 1'n.in  tin-  remainm-  particl«>  of  JCMt,  •  t-  .  Tin-  duration  ..1  this 
ripening  may  be  t\\<.,  I'mir,  «.r  with  ri<-h  xvii  lit  \«-:ir-  or  more, 

when  it  i>  considered  "  bottle-ri|>e."      iMirin-  thi~  njn  inn 
tion   is  very  :i|»t    to   Mart,  and    imiM    L-   arroted    in    onl.-r    to    pn  \.nt    the 
>poiling  of  the  wine. 

±       DlSKASKS     OF     \VlM>     AM)     Mi-Ill'.  I-     «)|       TuKATJXG       \M»      N- 
IM:OVIN«.    IIII:M.  —  Tin-  -••iirin^-  of  \\im-.  «ln<-  l«»  tin-  iM-^i,,,,;,,^  ,,f  tin- 
fermentation,  is  one  ..f  tlir  .•..niiii..n.  >i  ..f  these  84>-<-ullixJ  diaeaae^espCH-iallv 
with   li«rl»t    \\incs,    JMHH-   in   alcolml   and    tanni<-  arid,   and    IM-IIM-  r..iiiiiinin-r 
with  white  than  with  red  wines.     It  arises  fr-.m   too   in-.-  U  r-    to 

tin-  air  and  too  high  a  temperatmv  durin-  f.  -i  -m.  •iii:iti..n.  If  jn-t  U^nii,  it 
can  l>e  cured  by  the  addition  of  a  small  ijnantity  «.f  jM.ta-h.--.  \\hi.-h  ti.nn 
j)ota>-iuni  acetate,  or  by  starting  the  alcoholic  fVnn«-ntati..n  at'n-h  l»y  add- 
ing a  new  <|iiantity  of  sugjir.  If  the  sonrin.i:  is  vn-y  j»n>nuimccd  it  Iimnot 
be  cured,  and  the  wine  is  made  into  \\ine-vine«r.ir. 

The  gnmminess  or  ropincss  of  wine  frexjnently  ari-e>  t'n.m  a  premature 
lilling  into  bottles,  and  is  due  to  the  bcginninLr  of  the  niiiemi-.  fennentati«.ii 
of  sugar.  It  takes  place  in  wines  poor  in  tannic  a-  id,  and  h<  n«  .  more. 
readily  with  white  than  with  red  wines.  It  can  be  cured  by  addition  ..f 
tannic  acid,  treatment  with  sulphnron>  oxide,  or  starting  a  new  fermenta- 
tion by  addition  of  grape-sugar. 

The  development  of  a  stale  or  flat  taste  in  the  wine  i-  due,  a.-enrding  to 
Pasteur,  to  the  growth  of  a  thread-like  ferment.  The  wine  |M-*-OIIKU  cloudy, 
diminishes  in  alcohol  and  increases  in  acid  percentage,  it  darkens  in  color, 
and  often  has  a  disagreeable  odor.  The  wine  is  racked  off  and  put  into  a 
cask  which  has  been  filled  with  sulphurous  oxide  fumes,  which  de>tro\  the 
ferment. 

The  turning  bitter  of  red  wines  is  due  also,  according  to  Pasteur,  to  a 
plant-growth,  according  to  others  to  the  format  ion  of  a  bitter  aldeh\de 
resin.  Neubauer  has  found  that  the  tannic  acid  and  the  coloring  matter 
both  decrease  in  percentage  in  this  disease.  It  can  be  cured  completely  by 
heating  the  wine  to  60°  to  64°  C.,  or  by  starting  the  fermentation  anew  by 
adding  fresh  quantities  of  grape-sugar. 

The  mouldiness  of  wine  is  due  to  the  development  of  a  funLr"id  jro\\th 
in  the  form  of  a  white  film  on  the  surface  of  wines  poor  in  alcohol,  and 
always  precedes  the  souring  of  the  wine.     It  is  to  be  obviated  1  »y 
ment  with  sulphur  dioxide  or  more  effectual  protection  of  the  ymm_ur  ^  i"<- 
from  the  air. 

Of  the  general  lines  of  treatment  adopted  to  Drcvent  the  development 
of  these  various  disease.-,  we  notice  tir>t  the  clarifying  with  i-in;jla-> 
(finings)  or  other  form  of  gelatine.  This  is  particularly  applied  to  the 
sweet  and  heavy  white  wines,  which  often  remain  turbid  and  have  to  be 
cleared  by  the  coagulating  of  the  albuminoid  \\hieh  i>  added.  With  red 
wines  which  contain  tannic  arid,  ca-cin  or  blood  albumen  is  n>«-d  inM.ad 
of  gelatine.  Fine  clays  are  also  n^d,  e-pecially  in  Spain,  for  this 
clarifying. 

The  most  important  process,  however,  which  is  applied  lor  the  preser- 
vation and  protection  of  wine  against  diseases  is  that  known  as  "  Pasteur- 
izing.'' It  consists  in  heating  the  wine  either  in  casks  or  in  Uittlcs  to  a 
temperature  of  60°  C1.,  and  then  preserving  it  without  exposure  to  the  air. 
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This  temperature  is  found  to  be  sufficient  to  kill  most  of  the  germs  which 
bring  about  the  diseases  before  mentioned.  A  form  of  cask  much  used  for 
this  "  Pasteurizing'7  process  is  shown  in  Fig.  65. 


FIG.  65. 


The  use  of  salicylic  acid  for  preserving  wines  has  been  extensively  tried, 
but  its  use  here  is  open  to  the  same  objection  as  before  stated  in  speaking  of 
beer,  and  it  is  now  forbidden  in  most  countries. 

Of  the  methods  of  "  improving"  wines,  as  it  is  termed,  that  known  as 
"  plastering"  is  probably  most  largely  practised,  its  use  for  red  wines  ex- 
tending to  Spain,  Portugal,  Italy,  and  the  South  of  France.  It  consists  in 
adding  plaster  of  Paris  (burnt  gypsum)  either  to  the  unpressed  grapes  or  to 
the  must.  The  plaster  takes  up  water  and  so  increases  the  alcoholic  strength 
of  the  fermenting  must,  which  in  turn  allows  of  a  greater  extraction  of  the 
coloring  matter  from  the  skins.  At  the  same  time  the  wine  is  given  bet- 
ter keeping  qualities  as  well  as  deeper  color.  However,  the  sulphate  of 
lime  changes  the  soluble  potash  salts  of  the  wine  into  insoluble  tartrate  of 
lime  and  soluble  acid  sulphate  of  potash,  which  latter  remains  dissolved 
along  with  some  of  the  gypsum,  and  undoubtedly  has  an  injurious  effect 
upon  the  consumers  of  the  wine.  The  process  has  hence  had  to  be  con- 
trolled by  law,  and  in  France  the  sale  of  wine  containing  over  .2  per  cent, 
of  potassium  sulphate  is  prohibited.  The  ash  of  pure  wine  does  not  exceed 
.3  per  cent.,  but  in  the  samples  of  sherry  usually  met  with  it  reaches  .5  per 
cent.,  and  is  almost  entirely  composed  of  sulphates. 

Hugonneng  recommends  adding  dicalcium  phosphate  instead  of  gypsum. 
This  process,  called  "  phosphotage,"  is  said  to  have  all  the  good  effects  ob- 
tainable from  plastering  without  increasing,  as  the  latter  does,  the  percentage 
of  sulphuric  acid  and  decreasing  that  of  phosphoric  acid. 

Chaptalization  consists  in  neutralizing  the  excess  of  acidity  in  the  must 
by  the  addition  of  marble-dust,  and  increasing  the  saccharine  content  by 
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the  addition  of  a  certain  quantity  of  cane-sugar,  which  the  vintners  some- 
times replace  by  Man-h-Mi-ar.  In  thi-  p*006fli  the  quantity  of  tin-  uin,  i- 

nut    iuciva-ed,    lint    it    becomes   richer    in    alcohol,    | n-r    in    a.-i.i.   and    the 

l)uiii|iict  is  not  injured.      It  i-  much  u-cd  in  I5ur.:und\ . 

(  ialli/ation,  a-  pn  »posed  by  Dr.  (iall,  ha-  t'..r  it-  ..hj.-et  tin-  I. ringing  of 
the  mii-t  of  a  had  year  up  to  the  -tandard  found  to  |H-|..H-J  to  a  .J,,,H|  nm-t 
(he  takes  as  Standard  2  \  |H-I-  (Mot  of  BOgftr.  .'i  p- -r  .-•  nl.  of  a.-id,  and  . 
per  cent,  of  water)  l.y  «-., riveting  the  ratio  of  a. -id  to  nigar.  Thi-  h-  does 
by  adding  sugar  an<l  water  in  >ullicieut  quantity,  and  table-  have  l»een  pre- 
pared to  indicate  the  quantity  n.-.-.|,-d  according  to  the  arid  ratio  -ho\\  n  l»v 
analysis.  In  hoth  these  proec— .-,  -tan-h  — n-jar  on-lit  n. -\.-r  to  be  086(1  M 
a  cheaper  snli-titiite  1'or  cane— ii-ai'.  a-  coinmetvial  >tan-h--ni:ar  will  always 
introduce  dextrine,  an  entirely  foreign  eon-titnent,  into  the  nm-t. 

Petiotization  is  a  pnxvss  which  take-  ii-  name  from  IVtiot.  a  p 
in   Burgundy,  and   is  <ai-ried   out   as   follow-:  The   man-   from  which   the 
juice  has  been  separated  as  usual  l>y  pressure  is   mixed  with  a  Dilution  of 
sugar  and  water  and  the  mixture  airaiii  fermented,  the  -<•<-,, ml  ||  .n- 

taining,  like  the  first,  notable  quantities  of  hi  tart  rate  of  pota>h,  tannic  acid, 
etc.,  which  are  far  from  being  exhausted  by  one  extraction.  The  process 
may  be  repeated  several  times,  the  different  infn-ion-  In-iug  mixed.  Tlii- 
process  is  very  largely  used  in  France,  and  is  said  to  produce  \\  in.-  rieh  in 
alcohol,  of  as  good  bouquet  as  the  original  wine,  and  of  «^MM!  kei-ping  quali- 
ties. It  is  not  allowed  to  be  sold  there,  however,  n&natiiml  win.  . 

Scheelization  consists  in  the  addition  of  glycerine  to  the  fini>hed  wine  so 
as  to  improve  the  sweet  taste  without  injuring  its  keeping  qualities.  The 
limits  of  the  addition  of  glycerine  lie  between  one  and  three  litres  to  tin- 
hectolitre  of  wine.  If  the  wine  has  not  fully  fermented,  however,  and  if 
yeast-cells  are  present,  the  glycerine  may  yield  propionie  acid  by  decompo- 
sition. 

3.  MANUFACTURE  OF  EFFERVESCING  \Vi  \  i  >  ( <  '//"//»/xwjrn«*). — For  the 
manufacture  of  champagne  the  blue  sweet  grapes  are  pivii -m-d.  They  \\\\\*t 
be  pressed  promptly  after  picking  in  order  that  the  least  possible  amount  of 
color  be  taken  up  by  the  must.  The  first  pressing  only  i-  used  for  the  cham- 
pagne, and  a  second  pressing  of  the  marc  yields  a  reddish  wine,  which  isditl'er- 
entlv  utilized.  The  must  is  first  put  into  vats  that  impurities  may  <ettle  and 
then  filled  into  casks  for  the  main  fermentation,  which  is  retarded  a-  much 
as  possible  by  being  carried  out  in  cool  cellars.  Cognac  is  also  add«-d  to  the 
amount  of  about  one  per  cent,  so  as  to  increase  the  alcohol  percentage  and 
thus  moderate  the  fermentation.  After  the  main  fermentation  i-  tinMi.-d  the 
wine  is  racked  off  into  other  casks  and  left  -topped  until  winter  cud  of 
December).  It  is  then  fined  (or  cleared)  with  i-in-la-  and  transferred  to 
other  casks,  and  this  operation  is  repeated  in  a  month's  time.  To\\ard-  the 
beginning  of  April  it  is  ready  to  lx-  tran-f. Tivd  to  bottle*.  The  win.-  «.f 
ditl'erent  growths  are  now  mixed  and  the  am-mut  of  -n-ar  in  the  \\ine  de- 
termined, when  a  calculated  additional  quantity  i-  add.-d  in  the  form  ..f 
"liqueur"  (a  mixture  of  alcohol  and  pure  cane-sugar).  The  bottle-  which 
are  to  receive  the  champagne  must  l>e  socially  elio<m  ami  he  sufficiently 
strong  to  stand  the  pressure,  which  rise-  later  to  four  to  five  atmoSphereOL 
They  must  also  have  sloping  sides,  so  that  the  sediment  may  not  adhere  to 
the  sides  in  the  after-process.  The  wine  after  bcim:  cnrk,-d  i-  thoroughly 
secured  by  an  iron  fa-tenim:  called  an  "///•"/',  and  the  bottle-  are  arranged 
in  piles  in  a  horizontal  position  in  the  large  champagne-vaults  where  they 
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remain  throughout  the  summer  months.  Previous  to  the  wine  l>eing  pre- 
pared for  shipment,  the  bottles  are  placed  in  a  slanting  position,  neck  down- 
ward, in  frames,  and  the  incline  is  gradually  increased  day  by  day  until  the 
bottle  is  almost  perpendicular.  With  the  sediment  thus  on  the  cork  it  goes 
into  the  hands  of  a  workman  called  a  "  disgorger,"  who,  holding  the  bottle 
still  neck  downward,  proceeds  to  liberate  the  cork  by  slipping  off  the  agrafe, 
and  when  the  cork  is  three-fourth  parts  out  he  quickly  inverts  the  bottle. 
The  cork  is  thus  forcibly  ejected  with  a  loud  report  by  the  froth,  which  car- 
ries with  it  the  greater  part  of  the  yeast  and  other  solid  matters,  what  re- 
mains of  these  being  got  rid  of  by  the  workman  working  his  finger 
round  the  neck  of  the  bottle,  whereby  they  are  detached  and  forced  out 
by  the  still  rising  froth.  The  wine  is  now  dosed  again  with  liqueur,  the 
bottles  filled  up,  wired,  and  the  neck  wrapped  with  foil  ready  for  ship- 
ment. 

4.  MANUFACTURE  OF  FORTIFIED,  MIXED,  AND  IMITATION  WINES. — 
All  the  sweet  heavy  wines,  like  sherry,  malaga,  and  port,  are  characterized 
by  a  high  alcohol  percentage,  ranging  from  sixteen  to  twenty  or  twenty-two. 
This  they  cannot  acquire  through  fermentation  alone,  as  twelve  to  thirteen 
per  cent,  seems  to  be  the  limit  of  alcohol  developed  in  a  wine  by  direct  fer- 
mentation. They  have  the  additional  alcohol  added  to  them  directly  in 
order  to  give  them  keeping  qualities.  With  some  sweet  wines  the  alcohol 
is  added  to  the  must  before  the  fermentation  in  order  that  the  fermentation 
shall  be  arrested,  while  a  certain  amount  of  sugar  remains  in  the  wine 
unchanged.  The  quality  of  wines  is  often  improved  by  blending.  Light 
wines  with  too  little  alcohol  are  mixed  with  stronger  wines  with  the  forma- 
tion of  an  excellent  product  with  better  keeping  qualities,  which  can  then 
be  transported  to  long  distances  without  injury.  These  mixtures  can  best  be 
made  when  the  wines  are  new,  in  order  that  after  mixing  they  may  undergo 
an  insensible  fermentation  and  take  a  character  distinctive  of  the  new 
product. 

The  practice  of  adding  flavoring  substances  totally  foreign  to  the  con- 
stituents of  the  must  to  new  and  inferior  wines  in  order  that  they  may  take 
the  flavor  and  appearance  of  older  and  more  valuable  wine  has  also  become 
very  wide-spread.  Such  practices  are  of  course  illegal  in  all  countries  where 
laws  against  adulteration  are  enforced.  Thus,  elder  flowers,  orris-root,  iris, 
cloves,  oil  of  bitter  almonds,  and  numerous  perfumes,  such  as  oil  of  orange 
flowers,  of  neroli,  of  petit-grain,  and  of  violet,  are  used,  as  well  as  coloring 
infusions  like  raspberries  and  walnuts.  The  heavy  wines  are  the  ones  most 
generally  imitated.  Port  is  frequently  flavored  with  a  mixture  of  elderberry 
juice,  grape  juice,  brown  sugar,  and  crude  brandy.  Sherry  often  consists 
of  the  cheaper  Cape  wine  mixed  with  honey,  bitter  almonds,  and  brandy. 
In  Spain  and  Southern  France  a  wine  prepared  from  the  vine  known  as  the 
Teinturier  and  possessing  an  intense  bluish-red  color  is  extensively  used  for 
coloring  of  other  wines. 

In  recent  years,  because  of  the  deficiency  in  the  Avine  crop  of  France 
due  to  the  ravages  of  the  Phylloxera,  the  production  of  wine  from  dried 
raisins  or  prunes  has  enormously  increased.  This  product,  known  as  "  vin 
de  raisin  sec,"  is  said  to  be  a  very  close  imitation  of  natural  French  wines. 
Spon*  gives  the  following  as  the  components  of  such  a  raisin  wine : 
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sugar    ......      6  kiU*.          i  Common  linimly     ...        12  Him. 

........      6kil<*.  River  wtttt-r  :rm. 

Common  salt  ......  H.1:.  •_-nimm«*.     (;H|l-nut*  i  bruited)    .    .    .    20  gnunmei, 

THrtaric  acid   ......  «JIM>  -rumm.  •*.      lin  u.  r  \  y.-u-i    m  p.M.-)  .  2OO  k-  nun  met. 


'I't.  make  this  wine  of  a  ml  ,-,,lor  it  is  necessary  ..nly  to  add  to  tin-  ft] 
ingredient-  two  hundred  and  filly  t<»   thm-  hundn'd  gnOUMI  of  drv  pick-d 
hollyhock-,  takin-  cart-  tn  keep  tin  in  at  the  IM.HOIM  of  (In-  «-a-k. 

The  report-  uf  the  I'nited  State-  eon-nlar  aLieut-    -h..\\    that    th«-    manu- 
f'aetnre  of  tliis  raisin  \vine  ha-    beOOOM   an   indu-try  of  laiv  |.n.|M,rfiMii*   in 
PnUlOeattbe  promt  time.      A  H-jniti.aiit  addit  i«>na!  indicatiuii  ••!'  th,    , 
ppmeot  Of  thifi  artificial  wim-    indn-try  and   ..fih,-   nnii!  ;i..ti/- 

in--  in  France  is  found  in  the  Matemmt  of  die  anmunt-  ..!   «  ane-snpii 


by  French  wine  manufacturers  in  rco-nt    \.;n-.      In   [ggjj  there  WUH  iiaed  ill 
France  fi.r  the  manufacture  of  -rap.    \\iii--  T/.'.l.'l.ssT  kil«.-.  ,,f  cUM-f 
in    ISSIJ,  i>T,s:,<;,:,!ii>   kilos.;  for   the   manulitetmv   ,,f  fruit  \\in-   in 
24,141'  kilns,  of  sugar;  in  1886,  for  the  stun   |,UI-|M,H-.  1  \:>,  '>.'>:>  kilos.     Most 
of  this  fruit  wine  Forms  the  basis  of  factitious 


m.   Products. 

The  normal  constituents  of  a  natural  wine  agree  of  course  with  those 

contained  in  the  must,  except  in  so  far  as  new  coiujxnimU  have  U-en  d.  \.  1- 
opcd  by  the  fermentation  process  and  previously  rxi-tin-  ooa  have  been 
decomposed  or  made  to  separate  out. 

We  may  divide  the  constituents  of  wine  into  two  clasx-s,  volatile  and 
fixed.      The  volatile  matters  are  as  follow-  :   Water  (eighty  to  nine- 
cent.)  i  ;  alcohol  (five  to  fifteen  per  cent.)  ;  glycerine  (t\\«-  to  .  i-ht  i 
volatile  acids,  acetic,  oenanthic,  etc.,   eon-tituting  one-fmirth    t  .......  -thin! 

of  the  total  acidity;  aldehyde,  compound  ethers,  together  with  other  fra- 
grant indefinite  constituents,  which  ^ive  the  \\ine  it-  flavor  and  iM»n<jnct. 
The  fixed  matters  are  glucose,  or  grape—  u^ar,  in  -mall  quantities  in  most 
wines;  bitartrate  of  potash,  tartaric,  malic,  and  phosphoric  acid,  partlv  frM- 
and  partly  combined  with  various  bases,  of  which  c<»m|M.und-  |>ho-phat.  «-f 
lime  is  the  most  abundant,  constituting  from  twenty  to  -ixty  JK  r  cent,  of  the 
weight  of  the  ash,  the  remainder  Ix'ing  chiefly  carln.uat.  of  jn.ta-h.  n-ult- 
ing  from  the  calcination  of  the  bitartrate,  with  a  little  sulphate  and 
of  chlorides;  coloring  matters  ;  pectin  and  analogous  guinraj  mat  ters;  tannin, 
one  to  two  per  cent,  in  red  wines  and  trace-  only  exi-tin^  in  white  \\ine<. 

No  vei-y  simple  Bchemc  of  classification  i-  po>-ibl.-,  a-  the  method-  and 
products  of  most  countries  are  not  fixe*  I  by  rule,  but  vary  \\iddy  according 
to  the  season  and  market.  Still,  we  may  di-tin«nii-h  IM-INNM  n  the  ml  and 
white,  and  the  sweet  and  the  dry,  wine-;  U-tueen  the  li^lit  and  d«-15catel\- 
flavored  German  and  French  wines  and  the  more  fiery  but  coarser  Italian 
and  Swiss  wines;  between  natural  wines  and  thox-  fortified  by  addition  "1 
alcohol,  as  port,  sherry,  and  madeira;  U'tween  -till  \\incs  and  cflcrvescmg 
or  champagne  win.  9, 

Most  of  these  terms  have  already  found  their  explanation  in  the  de^-rip- 
tion  of  the  pn.c.—  .  -  .  .f'  manufiieture.  \\'e  may  add  that  :\su;,t  \\in.-  is  one 
in  which  a  notable  portion  of  the  oriiiinal  «^r.i|H'->  n-jar  of'  the  must  has 
escaped  fermentation,  or  to  which  an  addition  of  -u-jar  ha-  IHI-U  made  sub- 
sequent to  the  main  fermentation.  A  <//;>/  wine,  on  the  contrary,  is  «me  in 
which  the  sugar,  whether  originally  prex-nt  or  >ubse«jiiently  additl,  has 
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almost  all  undergone  change  in  the  processes  of  fermentation.  Champagnes 
are  wines  in  which  a  supplementary  fermentation  is  purposely  developed 
subsequent  to  the  bottling,  whereby  quantities  of  carbon  dioxide  gas  are 
developed  and  held  dissolved  under  pressure.  On  opening  the  bottles  and 
thus  relieving  the  pressure  a  brisk  effervescence  follows,  due  to  the  escape 
of  the  absorbed  gas.  Champagne-makers  distinguish  three  grades  of  effer- 
vescence. In  mousseux  the  pressure  in  the  bottle  amounts  to  from  four  to 
four  and  a  half  atmospheres ;  in  grand  mousseux  it  reaches  five  atmospheres ; 
and  less  than  four  atmospheres'  pressure  constitutes  cremant  (from  la  cr&me, 
"  cream"),  a  wine  which  throws  up  a  froth,  but  does  not  give  off  carbonic 
acid  violently.  Some  manufacturers  also  distinguish  a  grade  demi-mousseux. 
Of  natural  and  unfortified  foreign  wines  the  following  analyses  from 
Eisner  *  refer  to  German'  wines  exclusively  : 


"S  °3 

1 

fe 
f| 

I* 

CM  03 

Percentage  of 
ash. 

CM 
£ 

Rhine  wines,  Riidesheimer     .    .    . 
"          "       Rauenthaler  .... 
u          "       Johannisberger    .    . 
"          "       Hochheimer  .... 
"          "       Niersteiner    .... 

0.9960 
0.9960 
0.9958 
0.9935 
0.9956 

9.30 
9.25 
8.60 
8.00 
7.54 

1.97 
210 
2.20 
1.50 
1.75 
2.60 

0.50 
0.54 
0.52 
0.72 
0.62 

0.20 
0.19 
0.19 
0.16 
0.18 
0  18 

0.020 
0.023 
0.023 

6.012 
0041 

"          "       Pisporter. 

2.40 

0  15 

0038 

"          "       Zeltinger.       .    . 

2.40 

0  16 

0039 

Hessian  wines>  Bodenheimer  .   .    . 
"          "       Laubenheimer   .    . 
11          "        Liebfrauenmilch   . 
Palatinate  wines,  Deidesheimer     . 
"             "       Oppenheimer    . 
"            "       Wachenheimer. 
Franconian  wines,  white    .... 
"              "       red 

6.9930 
0.9934 
0.9940 
0.9968 
0.9935 
0.9954 
0.9943 
0  9932 

7.54 

6.83 
8.00 
9.60 
8.87 
8.65 
6.65 
8.00 

1.25 
1.00 
1.96 
2.12 
1.50 
1.72 
1.20 
1.50 

0.63 
0.60 
0.62 
0.50 
0.60 
0.65 
0.60 
0.47 

0.14 
0.10 
0.20 
0.18 
0.16 
0.17 

6.20 

V7.^V 

0.015 

The  following  analyses  of  French  wines  are  from  the  official  report  of 
the  Laboratoire  Municipal  at  Paris  for  1883  :f 
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•s1^ 

G 
*J 

HI 

f| 

JS 
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IS 

A 

*       §a§ 
•£      -o  s-g. 

•&£• 

IK 

1 

s 

£ 

3.3.3 

a 

* 

Bordeaux  wines  St  Estephe  1878 

11.1 
10.3 

22.4 
19.0 

28.3 
23.7 

2.20      1.31 
2.05  i  1.42 

1.50 
0.9 

0.49 
0.76 

2.96 
3.96 

Medoc,  1880    

"       Latour,  1878    

9.5 

17.0 

22.8 

2.14   :   2.07 

1.1 

0.50 

4.06 

"       Chateau  Margaux,  1878  

10.2 

23.6 

1.5 

0.48 

"       Larose.  1877     

11.2 

23.0 

30.1 

2.34      2.44 

1.3 

0.63 

"       (white  )  Sauterne  1880   . 

104 

160 

S.fi 

053 

Burgundy  wines  Chambertin  1882 

115 

233 

295 

1  77  1   3  57      14 

055 

"             "       (white,)  Chablis,  1878  

11.0 
7.8 
9.1 

16.7 
20.2 
20.7 

0.6 
1.2 
1.1 

0.38 
0.37 
0.48 

Lower  Burgundy  average  of  7  analyses 

Upper  Burgundy,  average  of  25  analyses  

*  Praxis  des  Nahrungsmittelfi  Chemiker,  1880,  p.  103. 

f  Deuxieme  Rapport  du  Laboratoire  Municipal,  Paris,  1884. 
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Of  Bweel    and  fortified  or  tatted   \\in«-  tin-  f..lln\ving  analyses  are 

I)V 


Tokay,  1868 

Misl.nirh.  1S.V, 

KiiMrr.  Ausbmch,  1872 
Malaga,  1K72 

r  wine,  1872 
1'ort  win.-  (\\hite). 

port  wine  (red),  1866 

Marsala  ffofhiun)  . 

Marsala  (WoodhOQtt) 

Madeira,  1868 

Sherry,  1870 

Bherry,  Amontillado,  1870 

Samos  wine.  1872 


Two  analyses  of  champagne  and  effervescing  wine  are  also  given  by 

Konig  :f 


Champagne,  Carte  Blanche  .  . 
Effervescing  Rhine  wine    .  .  . 


1.0433 
LD8M 


9.51 
MO 


13.96     11.53    0.581 
10.88      8.49  !  0.566 


0.084    0.219    0 134 
0.062    0.294    0.171 


•  •>:: 


Of  American  wines  a  large  number  have  been  investigated  by  the 
United  States  Bureau  of  Agriculture.  A  selection  from  those  anuly/<tl  by 
H.  B.  Parsons  J  in  1880  is  given  : 


*! 
I» 

Alcohol  by 
weight. 

Alcohol  by 
volume. 

i 

1 

J 

a 

P 

1 

jl 

Drtf  Ted  wine*  • 

II   '!•>',   \ 

888 

11  08 

210 

0174 

Tri..- 

0709 

0402 

1  •-.-, 

Clinton  Virginia  1879    .  . 

•:  H 

N.  !:•-. 

o  n 

Norton's  Virginia  1879 

Ii  'r,  •;- 

ion 

Ml 

0.298 

Ira,, 

•  •  77- 

Mil 

0.316 

Ives's  Seedling,  Virginia,  1879    .... 
Sonoma    Red    Mission,    California, 

MM 

8.68 

10.82 

2.18 

0.247 

Ira,- 

MU 

I  HI 

1-7'.'  

0.9968 

7.99 

10.08 

2.42 

0.428 

N  '  •  !  :  i  • 

0.722 

0.301 

OJI7 

Sonoma   Red    Zinfandel.   California, 
1879                                     

:  -• 

9.78 

2.48 

0.255 

Trace. 

0.693 

0.891 

MM 

Concord  Bouquet,  New  Jersey  .... 

MM 

Ml 

12*1 

2.18 

0.141 

0.71 

MM 

MM 

*  Nahrungs-  und  Genussmitt.-l,  v..l.  ii.  p.  468.  f  Ibid.,  p.  464. 

J  rniti-il  Suit.  >  Hun  :.u  «.f  Agriculture,  Bulletin  No.  13,  pp.  884-888. 
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>'. 
w.ti 

II 

CD 

0.9890 
0.9911 
0.9892 
0.9914 
0.9932 
0.99'2l 
0.9928 
0.99-28 
0.9911 
0.9918 
0.9920 
0.9935 

1.0508 
1.0213 
1.0339 
1.0074 
0.9949 
0.9942 
1.0052 
1.H174 
1.0102 
1.0207 
10338 
1.0512 
1.0101 
1.0245 
1.0440 
1.0515 
1.0320 
1.0404 
0.9948 

Alcohol  by 
weight. 

1  Alcohol  by 
volume. 

*j 

X 

H 

2.09 
1.67 
1.63 
1.90 
1.88 
1.99 
1.60 
1.82 
1.47 
1.72 
1.58 
1.67 

17.04 
10.69 
14.18 
6.83 
4.89 
3.91 
6.42 
7.78 
1331 
8.47 
14.49 
16.71 
7.23 
31.34 
14.41 
16.52 
12.07 
14.13 
3.39 

A 

M 

< 

Glucose. 

ToUil  acid  as 
tartaric. 

Fixed  acids  as 
tartaric. 

a 

T3 

ll 

r 

0.068 
O.»l8 
0.243 
0.194 
0.184 
0332 
0.208 
0.289 
0.290 
0.389 
0.411 
0.242 

0.182 
0.286 
0.128 
0.323 
0.164 
0.273 
0.166 
0.472 
0.346 
0.247 
0.239 
0.194 
0.280 
0.266 
0.143 
0.130 
0.355 
0.348 
0.463 

Dry  white  wines  : 
Brocton  Catawba,  New  York   
Missouri  Catawba,  Missouri   
Ohio  Catawba  Ohio 

1228 
888 
10.25 
10.46 
9.35 
10.37 
7.78 
9.14 
9.52 
9.64 
9.36 
8.30 

10.00 
13.67 
12.68 
13.87 
1762 
1342 
16.06 
9.26 
8.26 
8.41 
11.68 
1071 
9.89 
17.33 
8.% 
9.71 
8.73 
9.06 
1072 

15.30 
11.08 
12.77 
13.05 
11.70 
12.96 
9.80 
11.44 
11.26 
12.05 
11.70 
10.38 

13.24 
17.5'J 
16.52 
17.59 
22.09 
16.80 
20.33 
11.87 
10.82 
10.82 
15.21 
14.18 
12.58 
18.58 
11.79 
12.87 
11.35 
11.87 
13.43 

0.121 
0.129 
0.113 
0.199 
0.255 
0.185 
0.146 
0.150 
0.139 
0.221 
0.196 
0.193 

0.139 
0.3(i9 
0.345 
0.166 
0.219 
0.198 
0.428 
0.149 
0.110 
0.130 
0.152 
0.113 
0.211 
0.371 
0.196 
0.101 
0.118 
0.132 
0.108 

Trace. 
Trace. 
Trace. 
Trace. 
Trace. 
None. 
Trace. 
Trace. 
Trace. 
Trace. 
Trace. 

11.80 
7.44 
11.39 
4.84 
3.33 
2.20 
3.53 
6.51 
12.02 
7.23 
11.00 
15.22 
4.01 
25.37 
12.48 
15.31 
10.27 
11.56 
1.31 

0.542 
0.772 
0.728 
0.545 
0.:>62 
0.732 
0.562 
0.619 
0590 
0.696 
0.726 
0.619 

0.828 
0.705 
0.508 
0.689 
0.476 
0.573 
0.626 
0.885 
0.880 
0.779 
0.595 
0.714 
0.668 
0753 
0.489 
0.628 
0.799 
0.758 
0.925 

0.470 
0.387 
0.424 
0.302 
0.332 
0.317 
0.302 
0.248 
0.227 
0.210 
0.212 
0.317 

0.600 
0.347 
0.348 
0.209 
0.271 
0.232 
0.418 
0.295 
0.447 
0.470 
0.296 
0.471 
0.318 
0.421 
0.310 
0.465 
0.355 
0.323 
0.346 

Rulander  Virginia,  1880  

Delaware,  Virginia,  1880  
Taylor  Virginia  1880  

Herbemont,  Virginia,  1880  
Dry  Muscat,  California  

White  Zinfandel,  California  
Riesling  California 

Gutedel  California  

Sonoma  Mission,  California,  1879  .  .  . 
Sweet  wines  : 
Brocton  Port  New  York 

Speer's  Port,  New  Jersey  

Port,  Los  Angeles,  California  
New  York  Sherry  
Speer's  Sherry  New  Jersey  .  .  . 

California  Sherry 

Marsala  California  .  .  .... 

"  Eclipse"  Extra  Dry  Champagne  .  . 
"Gold  Seal"Champagne,  New  York  . 
Cook's  '•  Imperial"  Champagne  .  .  . 
Sweet  Catawba,  Bass  Island,  Ohio  .  . 
Sweet  Catawba,  Brocton,  New  York  . 
Sweet  Catawba,  Iowa,  1871  

Sweet  Muscatel,  California  .... 

California  Angelica 

Brocton  Sweet  Regina  

Sweet  Delaware,  1879  
Scuppernong,  Sweet,  1878  

Scuppernong,  Dry,  1879  

Side-product*. — The  first  of  these  is  the  marc  of  the  grapes,  separated 
from  the  must  in  the  original  pressing  of  the  grapes,  or  left  when  the  fer- 
menting must  is  drained  from  it.  This  consists  of  the  stems,  skins,  and 
stones  of  the  grapes.  If  the  marc  instead  of  being  washed  out  with  water 
has  been  merely  pressed,  it  still  contains  sufficient  must  to  allow  of  its  being 
used  in  the  manufacture  of  petiotized  wine.  Besides  this,  the  marc  serves 
for  a  great  variety  of  purposes.  It  is  fermented  for  brandy  ;  it  is  used  with 
sheet-copper  in  the  manufacture  of  verdigris  ;  it  is  used  to  start  the  fermen- 
tation in  vinegar-making ;  as  cattle-food ;  when  dried,  as  fuel  or  for  fertil- 
izing purposes ;  the  tannic  acid  is  extracted,  or  it  is  used  direct  in  producing 
black  colors,  and  for  other  minor  applications. 

The  second  and  more  valuable  side-product  is  the  deposit  formed  on  the 
bottom  and  sides  of  the  casks  in  which  the  fermentation  takes  place.  That 
on  the  bottom  of  the  casks  is  called  "  lees."  It  contains  from  thirty  to 
forty  per  cent,  of  vegetable  matter  (from  the  yeast-cells  depositing),  the  re- 
mainder being  tartrates,  sulphates,  (in  plastered  wines),  alumina,  phosphoric 
acid,  etc.  Its  composition  is  greatly  altered  by  "  plastering"  the  wine,  in 
which  case  the  tartrate  exists  chiefly  as  the  neutral  calcium  tartrate  instead 
of  the  acid  potassium  salt.  The  crystalline  crust  that  forms  on  the  sides 
of  the  vessels  used  for  fermentation  is  called  "  argol,"  or  crude  tartar.  It 
varies  somewhat  in  composition,  the  tartaric  acid  ranging  from  forty  to 
seventy  per  cent,  and  being  always  present,  chiefly  as  the  acid  potassium 
tartrate.  From  this  crude  tartar  is  prepared,  by  extraction  with  boiling 
water,  filtering,  and  crystallizing,  "cream  .of  tartar."  This,  however,  still 
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contains  some  calcium    tart  rate    mi\.-d   with    tin-  arid 
amount  raii^in^  from  two  to  nine  j 


salt,  the 


IV.   Analytical  Tests  and  Methods. 


Fio.  GO. 


In  1SS4  the  linjM-rial  <  n-niiaii  I  lealth  <  >tlir<-  ap|M»iuted  a  eomnUHsion  "f 
expert-  t«»  iv|M>rt  upon  tin-  U-st  uniform  niethud-  lor  the  analy-i-  ..f'  wines. 
The  method-  agreed  up..M  l.y  that  cummi  —  iuii  'j'U«-nill\  id 

now  in  (ieniiany,  and  largely  usi-d  elsewhere  in  guiding  wine  analvat*. 
These  ullirial  inrthmU  have  hn-n  I'ully  drx-1'iLd  and  •  \plained  in  a  filth- 
work  entitled  "  \Vrinanal\>r,"  l.y  Dr.'.Max  I'.arlh,  I^-ip/i-,  1*84. 

The  Kjwijic  iji-tirihi  <»t'  the  \vinr  i-  drtrnniiu-d  eitlu-r  l.y  the  pyknon 
(sjH-citic  gravity  lx)ttle)  or  l»y  the  \\.-tj.hal  l.alan..-  (tM  p.  71),  the  muling* 
of  which  have  IXHMI  mmpan-d  with  tlm-r  nf  th«-  .-|N-ritir  U'i-avity  Uatlr.  In 
the  case  of  champagnes  and  etVerv<-.-iu-  \\im-.  a-  \va-  tin-  ease  with  U-rr,  tin- 
ciirhonic  acid  must  U-  »-«»t  rid  of  a-  tar  a-  |H.~  il»l«-  lM-f,.n-  taking  the  Specific 
gravity  readings. 

The  alcohol  is  deteriuine<l  l>y  the  din-et  distillation,  as  described  on  p. 
191.  Wines  tliat  have  a  tendency  to  foam  have  a  little  tannin  (.1  gramme) 
added.  If  one  hundred  cubic  centimetre-  «,f  thr  -ample  i-  tak«  -n,  -i\t\  .-ul.ie 
centimetres  only  ne<id  IK-  collected,  and  \\ill  contain  all  the  aleohol.  Thi» 

is  then  diluted  to  nearly  one  hundred   cubic  centimetre-,  muled,  nnifunuly 

mixed,  and  then  brought  exactly  to  the  100-cubic-<-entimetre  mark,  mixed 
again,  and  the  specific 

i:  ia\ity    taken.      The 

form  of  apparatus  best 

adapted  for  this  deter- 

mination of  alcoholic 

strength  of  wines  and 

li(|iiors   is   shown    in 

Fig.    66.        For   the 

rapid     determination 

of    the    alcoholic 

Mrength  of  wines  va- 

rious forms  of  appa- 

ratus  have  been   de- 

vised,  such     as     the 

vapori  meter  of  Geiss- 

ler,  in  which  the  va- 

por-tension of  an  al- 

coholic liquid  exerted 

upon    a    column    of 

mercury  is   made   to 

i  nd  icate  its  pereen  t  ;  i  u  •« 

strength    in    alcohol, 

the    ebullioscojx'    of 

Tabaric,  of  Mai  liquid 

and    Vidal,    and    of 

Amagat,    which    de- 

pend upon  the  obser- 

vation of  the  lM)ilinir-points  of  a  spirituous  liquor  as  determining  the  amount 

of  alcohol  contained.     None  of  these  can  IK-  said  to  have  scientific  accun 
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as  wine  is  not  merely  a  mixture  of  alcohol  and  water,  but  contains  other 
constituents  which  affect  the  results  in  either  case. 

The  extract  determination.  Here  the  direct  weighing  of  the  residue 
after  evaporation  is  preferred  to  the  indirect  method,  fifty  cubic  centimetres 
of  the  wine,  measured  at  15°  C.,  are  to  be  evaporated  on  the  water-bath  in  a 
platinum  dish  (according  to  the  German  wine  commission,  this  dish  should 
be  eighty-five  millimetres  in  diameter,  twenty  millimetres  in  height,  sev- 
enty-five cubic  centimetres  in  capacity,  and  should  weigh  about  twenty 
grammes),  and  the  residue  dried  for  two  and  a  half  hours  in  a  double-walled 
water  drying  oven.  In  the  case  of  wines  containing  more  than  .5  per  cent, 
sugar,  a  smaller  quantity  must  be  taken  and  suitably  diluted,  so  that  the 
extract  shall  not  weigh  more  than  1.0  to  1.5  grammes.  In  this  method,  the 
loss  of  glycerine  by  evaporation  is  trifling.  The  indirect  method  for  deter- 
mining the  extract  is  very  like  that  described  under  beer  (see  p.  191}  as 
O'Sullivan's  method,  except  that  with  wine  we  divide  the  excess  of  specific 
gravity  observed  over  1000  by  4.6  instead  of  3.86,  as  the  solids  of  wine 
have  a  higher  solution  density  than  those  of  extract  of  malt.  Or  with  the 
specific  gravity  of  the  de-alcoholized  liquid  we  may  get  the  extract  percentage 
from  Hager's  tables,  which  are  analogous  to  those  of  Schultze  for  malt 
extracts  before  referred  to. 

The  ash  percentage  can  be  obtained  by  incineration  of  the  evaporated 
'extract  above  referred  to. 

To  determine  the  percentage  of  glycerine,  one  hundred  cubic  centimetres 
of  the  wine  are  evaporated  down  to  about  ten  cubic  centimetres  in  a  spacious 
porcelain  dish ;  some  sand  and  milk  of  lime  are  then  added  till  the  reaction 
is  strongly  alkaline  and  the  mixture  evaporated  almost  to  dryness.  The 
residue  is  next  treated  with  fifty  centimetres  of  ninety-six  per  cent,  alcohol, 
warmed  and  stirred  on  the  water-bath,  and  the  solution  obtained  then  passed 
through  a  filter.  The  insoluble  matter  is  washed  with  successive  small  por- 
tions of  hot  alcohol  (ninety-six  per  cent.),  of  which  fifty  to  one  hundred  and 
fifty  cubic  centimetres  will  as  a  rule  suffice,  so  that  the  entire  filtrate  will  be 
from  one  hundred  cubic  centimetres  to  two  hundred  cubic  centimetres.  The 
alcoholic  extract  is  now  evaporated  to  a  viscous  consistency,  and  the  residue 
taken  up  with  ten  cubic  centimetres  of  absolute  alcohol ;  this  solution  is 
mixed  with  fifteen  cubic  centimetres  of  ether  in  a  stoppered  flask  and  the 
mixture  allowed  to  stand  until  clear.  The  clear  liquid  is  decanted  or  filtered 
into  a  light  tared  glass  vessel,  carefully  evaporated,  and  the  residue  dried 
for  one  hour  in  the  water-bath.  It  is  then  cooled  and  weighed.  In  the 
case  of  sweet  wines  (containing  more  than  five  per  cent,  of  sugar),  only  fifty 
cubic  centimetres  of  the  wine  are  taken  for  the  estimation  of  the  glycerine ; 
sand  and  lime  are  added,  and  the  mixture  is  warmed  on  the  water-bath. 
After  cooling  it  is  treated  with  one  hundred  cubic  centimetres  of  ninety-six 
per  cent,  alcohol,  the  precipitate  formed  allowed  to  settle,  the  solution  fil- 
tered, the  insoluble  matter  washed  with  spirit,  and  the  alcoholic  filtrate 
treated  as  above  described. 

To  estimate  the  sugar  in  wine,  Fehling's  solution  is  used,  as  the  sugar 
should  be  only  glucose.  After  neutralization  of  the  wine  with  sodium  car- 
bonate, the  determination  is  made  (using  the  separately  preserved  solutions 
for  Fehling's  mixture.  See  p.  152).  Strongly-colored  wines  must  be  first 
decolorized.  If  the  sugar  percentage  is  low,  it  is  done  with  purified  bone- 
black  ;  if  they  contain  over  .5  per  cent,  of  sugar,  bone-black  cannot  be  used 
because  of  its  absorptive  power,  and  basic  acetate  of  lead  must  be  substi- 
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tilted.      After    filtcrini:,    the    \\ine    i-    then    trcaf«l    \\ith    -odium    earlM.iiate 
and    Fehling'a  -olution.       If  the  po|:m/;ition  indicate-  the    pn-em  , 
-ii-jar,  the  -ol  ut  ion  inii-t   be  inverted  (>4-e  p.   1  ."»  1  )  an.  I  dim  the  !•'•  hlim/a  U*t 
applied  again,  and    the  :ll-  eal.-ulated    from    the  diU'en-m,    in  tin-  t\\.. 

readings.      Tin-  Fehlim/-  i.  -i  i-   I..M  carried  <,ut  gravinietrieallv.  ami   fn»m 

the  weight  <>t'  reduced  copper  the  cxxTespoDding  •motmi  of  -jlm-..^-  .-an  I*- 
obtained  from  tin-  table-. 

Tin-  /Wf//-/:////Vm,  which  ise.—  ential  in  the  ease  of  li.-avy  \vim-  t..  iml 
the    nature  of  the   Miirar    r,,ntain<-<l,    i^   rarrJMl    mit    :«-    !'.'.lln\\*:    II  V/A 
,  t<>   sixty  cubic  ccntinu-tn-s  oi'  the  \\im-  im-  a<M«-<l   thi-«i-  <-ul»i< 


metres  of  the  Uisic  acetate  .  .1'  l.a<l  -nlutinn  ami  th.-  jm-rijiitair  tilt.-n«l  «.tl'  «.n 
a  dry  filt<ir.  T<»  :\\  .->  of  the  tiltralr  i-  added  1  .-".  «-nl,i,  ,  ,  ntim  ^un- 

rated solution  of  sodium  earlxmatr  ami   tin-  >nlutimi   a-aiu    filim-d    and    tin- 
polari/atioii  tul)e  tilled  with  the   filtrate.      The  dilution  ,,!'  tin-  original  \\im- 
iu  this  case  is  10:11.       With  r>'l  lotnet.  -ixty  <-ul)ic  rriitinu-tn>  of  tin-  \\im- 
are  trcatwl  with  six  cubic  centimetres  of  the  lead  x.lutimi,  and  to  tliirty-tlirr«* 
cubic  centimetres  of  the  filtrate  three  eiiLie  eentiinetre-  of   the   -an. 
s<Hliuin  Carbonate  solution  adde<l,  the  solution  filtered   and    |M.lari/j-d.      The 
dilution  here  is  5:6.       This   dilutee!    solution    is   ohx-i-vcd    in   the   L 
millimetre  tube  of  the  polariscnpr,  and  lar^e  and  ae<  mate  in-triiini-ut*  are 
necessary. 

The  free  add*  (total  acid-react  mir  constrtoentsofthe  \\ine  are  e-timat.d 

in  ten   to  twenty  eubic  centimetres  of    the  wine  l»y  means  of  one-third  or 
one-tenth  normal  alkali.     Any  considerable  quant  it  \  of  carbonic  a«-:il  to  U* 
fii^st  removed  by  shaking.     The  "free  acid-"  to  be  calculated  intoand 
as  tartaric  acid  (C4H6O6). 

The  volatile  acids  are  determined  by  steam  distillation  and  calculated  aa 
acetic  acid  (C2H4O2). 

The  quantity  of  non-volatile  w///x  calciilat«l  a-  tartarie  i-  found  by  sub- 
tracting the  equivalent  of  the  acetic  acid  in  tnrtarie  a«  -id  from  the/rw 
previously  determined. 

These  three  determinations  are  all  that  are  usually  made  in  wine  analy 
If  a  special  qualitative  test  for  live  tartarie  acid  is  doin-d  or,  in  <-a>«-  it  U« 
shown  to  be  present  in  appreciable  quantity,  a  quantitative  met  IKK!  i 
determination,  they  can  Ix-  made  by  Nessler's  method,  for  detail-  of  which 
the  reader  is  referred  to  Earth's  "  Weinanalyse"  before  mentioned,  or  to  a 
summary  of  its  methods  in  the  "Journal  of  the  Sx-ietv  of  (  'hcmi<-al  Indus- 
try," 1885,  p.  553. 

The  tannin  may  be  determined  by  Ncubauer's  method  with  jM-rman-auate 
of  potash,  or  approximately  by  the  following  procedure:  the  tree  acid-  in 
ten  cubic  centimetres  of  the  wine  are  neutralized  with  standard  alkali,  aft.  i 
which  one  cubic  centimetre  of  a  forty  JMT  eent.  solution  of  >odium 
is  added,  and  finally  a  ten  per  cent  solution  of  ferric  chloride,  drop  by  drop. 
and  avoiding  excess.  One  drop  of  this  Dilution  -utlices  for  the  precipitation 
of  (very  .of)  per  cent,  of  tannin. 

Salicylic  Acid.  —  To  detect  this  acid,  one  hundred  cubic  centimetres  of  the 
wine  are  shaken  repeatedly  with  chloroform^the  latter  is  evaporated,  and  the 

aqueous  solution  of  the  residue  tested  with  very  dilute  ferric  chloride  -..lii- 
tion.  For  the  purpose  of  an  approximate  quantitative  estimation,  it  i-  Mitli- 
cient,  on  the  evai>orati<ui  of  the  chloroform,  to  once  n-cr\>talli/e  the  residue 
from  chloroform  and  weigh  it. 

One  of  the  most  important  questions  that  arix-s  in  tin-  examination  of 
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red  wines  is  as  to  the  genuineness  of  the  coloring  matter,  as  both  vegetable 
and  artificial  dye  colors  have  been  used  for  years  to  imitate  the  natural  color- 
ing matter  in  the  manufacture  of  factitious  red  wines.  Very  elaborate 
schemes  for  the  recognition  of  foreign  coloring  matters,  including  both  the 
vegetable  coloring  matters  like  dye- woods  and  color-yielding  berries  and  the 
large  number  of  the  newer  coal-tar  colors,  have  been  given  by  Gautier  * 
and  by  Chas.  Girard,f  the  director  of  the  Laboratoire  Municipal  in  Paris, 
to  which  we  can  only  give  references.  The  coloring  matters  most  generally 
used  to  imitate  the  natural  pigment  of  the  grape-skins  are  fuchsine,  coch- 
ineal, alderberry,  hollyhock,  and  logwood.  Dupre  tests  the  coloring  matter 
as  follows  :  Cubes  of  jelly  are  prepared  by  dissolving  one  part  of  gelatine  in 
twenty  parts  of  hot  water  and  pouring  the  solution  in  moulds  to  set.  These 
are  immersed  in  the  wine  under  examination  for  twenty-four  hours,  then 
removed,  slightly  washed,  and  examined.  Pure  wine  will  color  the  gelatine 
only  very  superficially  ;  the  majority  of  other  coloring  matters  (fuchsine, 
cochineal,  logwood,  Brazil-wood,  litmus,  and  indigo)  penetrate  more  readily, 
passing  to  the  very  centre  of  the  cube.  A  confirmative  test  can  also  be 
made  with  the  dialyzer.  The  coloring  principle  of  pure  wine  when  sub- 
jected to  dialysis  does  not  pass  through  the  animal  membrane  to  any  decided 
extent,  while  the  color  of  logwood,  Brazil-wood,  and  cochineal  easily  dialyzes. 
If  rosaniline  colors  alone  are  to  be  tested  for,  the  procedure  of  Faliere  as 
improved  by  Nessler  and  Barth  can  be  followed.  One  hundred  cubic  centi- 
metres of  the  wine  are  slraken  in  a  stoppered  jar  with  thirty  cubic  centi- 
metres of  ether  and  five  cubic  centimetres  of  strong  ammonia,  and  then 
twenty  cubic  centimetres  of  the  ethereal  layer  removed  with  a  pipette  and 
evaporated  in  a  capsule  containing  a  thread  of  white  wool  five  centimetres 
in  length.  Similar  threads  are  dyed  with  known  quantities  of  magenta,  and 
from  a  comparison  of  tints  the  amount  of  the  added  coloring  matter  in  the 
wines  is  inferred.  This  test  will  detect  minute  quantities  of  fuchsine  or  ani- 
line red.  If  the  same  test  be  carried  out  without  adding  ammonia,  the  acid 
rosaniline  colors  and  similar  dyes  will  be  extracted.  The  fact  that  pure  wine 
color  is  not  changed  or  decolorized  by  nascent  hydrogen  (zinc  and  acid), 
while  most  of  the  aniline  dyes  are  decomposed  by  it,  is  also  used  as  a  test. 

D.   MANUFACTURE  OF  DISTILLED  LIQUORS,  OR  ARDENT  SPIRITS. 

This  industry  differs  radically  from  the  two  fermentation  industries 
already  described,  firstly,  in  that  the  effort  is  made  to  push  the  fermentation 
to  the  fullest  possible  limit,  so  that  the  maximum  quantity  of  alcohol  may 
l>e  produced,  and,  secondly,  in  that  this  product  of  fermentation  is  then  dis- 
tilled, and  it  may  be  redistilled  in  order  to  get  'a  distillate  richer  in  alcohol 
than  the  fermentation  product  itself  can  be.  The  end  to  be  attained  may 
be  either  the  production  of  an  alcoholic  beverage  as  the  product  of  distilla- 
tion or  of  raw  spirit,  which  takes  name  from  the  material  used,  as  "  grain 
spirit,"  "potato  spirit,"  "corn  spirit,"  etc.  From  this  raw  spirit  by  the 
processes  of  rectification  are  obtained  the  "  rectified  spirit"  used  as  the  basis 
of  the  manufacture  of  various  alcoholic  beverages  and  as  a  solvent  in  vari- 
ous manufacturing  processes,  and  by  purification  and  dehydration  the  abso- 
lute ethyl  alcohol  of  the  chemist. 

*  Wynter  Blyth,  Foods,  Composition  and  Analysis,  p.  464. 
f  Deuxieme  .Rapport  du  Laboratoire  Municipal. 
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I.  Raw  Materials. 

Those  may  be  divided  int..  tin-.,,  oblM  :    F,,M.  ai.  •.,!„,  lie  liquids.  th.-m- 
8elV€6  tin-   product  of  fermentation,—  these   iv,,uiiv   ,,uly  to   IN-  -uhmir 
distillation  in  order   to   \  i,  Id   th.    |(  1,,1  ;,,id    liquid 

materials    containing    gome    variety    of   BUgMT,    \\li.-ii  ir.    uf'~»|"  - 

r,  or   malt..-r,  which   are  directly  or  indirectlv  fermentahl.   ;   and.  third, 
Ontaining   cereal-   and    all    material-  capable   under  tin-   intlm  : 
OF  dilute   acid-  of  li\dro|\-i-  and    the    production  of  a  I.  rmentabl.- 


1.   ALCOHOLIC  LIQUIDS  (  H7/ir*).—  The  distillation  of  win,-  j.  followed 

for  the  production  of  an  alcoholic  bevetagt  (brandy  )  which  tak.-t. 

degree  its  flavor  and  IxMuniet  Iroin  the  win.-  iM-d  in  th.-  diMillati-.n.      \ 


\Vhil«. 

factitious   brandies  arc   largely  made  from    urraiii  OT    |n.fat..   -pirit,  th 
product  from  wine  isalwa\-  iv-anl.d  a-  -njMTinr. 

The  manufacture  of  wine  hrandy  ha-  Inin  ehiefly  .arri.d  .-nt  in  France, 
and  in  mi  nor  degree  in  Spain  and  I'ortn-al.  Within  re«i-nt  \  car-  <  alii'.,  rma 
wines  have  also  IH-CII  u-cd  for  the  inannliietiire  of  l.randies.  The  |-'n  ndi  wines 
which  are  used  are  largely  those  of  the  department-  <  liaivnt,  and  (  liar.  nt.  - 
Jnferienro,  in  the  southwest  of  France,  and  the  product  j.  :,||  Ln-un  a- 
Cognac  brandy. 

White  wines  are  said  to  yield  a  superior  spirit  to  that  obtained  t'n.m  n-d 
wines,  and  older  wines  letter  than   newer  one-.      AlM.nt  ci-jht   and  a  half 
hectol  itres  of  wine  are  needed  to  produce  one  hectolitre  of  hnmdv.     I 
the  ravages  of  the  Phylloxera  ins<vt,  themanutiictureof  genuine  wineCognac 
has  decreased  enormously  in  France  in  recent  year-,  while  the  inamifacn 
factitious  Cognac  has  correspondingly  increased.     Thus  we  tin.l  it  otlicially 
stated*  that  the  production  of  alcohol  from  wine   in  !•'  ranee   had  de«>rea^-«l 
from  530,000  hectolitres  in  1875  to  14,678  hectolitres  in  1> 

The  marc  of  the  grapes,  as  already  Mated  (see  i>.  202),  i-  al-o  ntili/«-<l  in 
the  manufacture  of  an  inferior  grade  of  hrandy,  known  in  I'm: 

</<//m/r.  The  lees,  or  sediment,  of  the  wine-casks  a  re  al-o  u-4-d  in  this 
same  way.  This  brandy  is  not  nc<-essarily  sold  for  con-nmption.  l»ut  is  used 
to  strengthen  the  alcoholic  percentage  of  wines  in  which  fermentation  i-  to 
lx'  arrested. 

2.  StJGAR-roNTAixixr.  RAW  MATKIU.M.S.  —  The  mo<t  imjNirtant  sugar- 
yielding  materials  eidtivatetl  on  a  largt*  s<-ale,  it  will  K»  rememU  -nil.  are  the 
BUgar-cane  and  the  sng-ar-heet.  The  suuar-cane-  are  not  u-^tl  dini-tly  t'..r 
the  production  of  spirits  (except  in  the  case  of  accidental  -oitriiiLri,  and  the 
"  hagasse,"  although  still  containing  saccharine  juice,  is  too  hulky,  ami 
hence  is  at  once  burned  as  fuel,  hut  the  mola—  e-  obtained  .-11  M  large  a  stale 
in  the  extraction  of  raw  suirar  i-  a  m..-t  valuable  material  for  the  purpose. 
Throughout  both  the  West  Inditsand  the  Ka-t  hulic-  cm-i-mon-  i|iiantitie> 
of  this  molasses  are  fermented  and  the  resultant  product  di-tilh-d  for  rum. 
Kven  the  sugar-scums  obtained  in  the  d«-tii-atiiiLr  and  concentrating  of  the 
sugar  juice  are  fermented,  and  prodn.v  an  infl  ri..r  -ntd.  ,,t'  rum. 

With  the  sugar-beet,  lx)th  the  U-et  its^-lf  and  the  U-et  -molasses  are  util- 
ized, the  former  IM-I'IIU  u-ed  in  France  and  the  latter  in  Ixith  France  ami 
Germany.  Sweet  fruits,  the  jni«v  of  which  is  rich  in  sugar,  also  serve  as 
raw  materials  for  the  spirit  industry.  Thus  jn-a.  -h«  •-,  plum-,  and  cherries 

*  Deuxieme  Kapport  du  Laboratoire  Municipal,  \> 
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are  much  used  in  different  countries  for  the  manufacture  of  fruit  brandy, 
and  the  fermented  juice  of  the  date-palm  in  the  East  Indies  and  of  the 
plantain  in  the  West  Indies  both  serve  for  the  distillation  of  an  alcoholic 
beverage. 

3.  STARCH-CONTAINING  RAW  MATERIALS. — This  list  includes  the 
main  sources  for  the  distillation  of  spirits,  as  the  high  percentage  of  starch 
in  many  cereals,  ranging  from  sixty  to  seventy-seven  per  cent.,  the  ease 
with  which  the  starch  can  be  converted  into  fermentable  sugar  under  the 
influence  of  diastase  or  dilute  acids,  and  the  cheapness  of  these  starchy 
products  of  nature  all  combine  to  make  them  for  most  countries  the  cheapest 
and  best  materials  for  the  spirit  industry.  In  the  United  States,  the  three 
cereals  used  almost  exclusively  for  the  manufacture  of  distilled  liquors  are 
corn,  rye,  and  malted  barley ;  in  England,  barley,  both  raw  and  malted, 
rye,  corn,  and  rice;  in  Germany  the  potato  is  almost  the  only  starchy 
material  used.  The  composition  of  the  several  cereals  showing  their  rela- 
tive percentage  of  starch  was  given  on  p.  162. 

n.  Processes  of  Manufacture. 

1.  PREPARATION  OF  THE  WORT. — In  England  and  the  United  States, 
where  grain  spirit  is  mainly  manufactured,  the  first  process  is  that  of  sac- 
charifying the  starch  of  the  grain.  In  the  special  cases  where  malted  grain 
alone  is  used,  the  mash  process  somewhat  resembles  that  already  described 
under  beer-brewing.  Most  distillers,  however,  use  mixtures  of  raw  and 
malted  grain,  in  which  the  raw  largely  predominates,  being  often  ten  to 
one  or  even  more,  as  a  very  small  quantity  of  diastase  can  be  made  to  con- 
vert a  large  amount  of  starch  into  maltose  or  fermentable  sugar.  It  is 
stated,  moreover,  that  the  yield  of  spirit  is  larger  when  several  kinds  of 
grain  are  mixed  than  when  one  kind  is  used  singly.  The  mixture  of  raw 
and  malted  grain,  properly  ground,  is  put  into  the  mash-tub  (see  Fig.  64, 
p.  185)  with  water  at  150°  F.  and  agitated.  This  first  mashing  requires 
from  one  to  four  hours,  the  larger  the  quantity  of  raw  grain  used  the  longer 
being  the  time  required  for  mashing.  The  temperature  of  the  mixture  is 
kept  up  to  about  145°  F.  by  the  successive  additions  of  water  at  a  some- 
what higher  temperature  (190°  to  200°  F.).  The  object  of  the  distiller  in 
this  is  somewhat  different  from  that  of  the  beer-brewer.  He  wishes  to 
convert  the  whole  of  the  starch,  if  possible,  into  maltose,  which  is  directly 
fermentable  by  the  action  of  yeast,  while  the  dextrine  is  not,  so  he  must 
mash  at  not  much  over  146°,  which  it  will  be  seen  from  Fig.  63  (p.  179) 
is  the  limit  above  which  the  maltose  production  begins  to  decrease.  When 
the  gelatinization  of  the  starch  is  complete,  the  temperature  of  the  mash 
may  go  slightly  higher.  By  keeping  within  this  limit  of  temperature,  a 
minimum  of  diastase  from  the  small  admixture  of  malt  will  gradually 
change  not  only  the  starch,  but  bring  about  a  hydration  of  the  residual 
dextrine,  converting  it  into  maltose.  When  the  wort  has  acquired  its  maxi- 
mum density,  as  found  by  the  saccharometer,  it  is  drawn  off,  and  fresh 
water  at  about  190°  F.  is  run  upon  the  residue  in  the  mash-tub  and  allowed 
to  infuse  with  it  for  one  or  two  hours.  This  second  wort  is  then  added  to 
the  first.  A  third  weak  wort  is  often  obtained,  and  used  to  infuse  new 
lots  of  grain.  The  mash  is  then  cooled  down  promptly  to  the  temperature 
required  for  fermentation  so  that  the  acetous  fermentation  may  not  set  in. 

It  is  stated  that  in  this  method  of  direct  mashing  ten  per  cent,  of  the 
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starch  escapes  decomposition,  even  althou-jh  the  grain  may  be  taken  finely 

ground.       Henee  a    preliminary   warmm-   \\itli   .\af.-r  !..  \\lii.-h  a  little  green 

malt  is  sometimes  added,  follow.-d  l.\  h.aiin-  \\itli  \\ater  under  a  pressure 
of  several  atmospheres,  n«,w  ..ftm  precedes  the  addition  ..!'  tin-  main  .jiian- 
tity  of  the  malt,  which  U  to  complete  th.-  conversion  nt'  th--  -larch  and  dex- 
trine  into  maltose*.     In  this  way  the  lorn  may  be  rvd 
per  cent. 

In  Germany  potatoes  constitute  the  chief  raw  material  for  the  M 
manufacture.     They  contain  from  eighteen  to  tw.ntv  per  cent  of  starch 
only,  however,  while  the  cereals  contain  rtj  p.  r  ••«  nt.      II,.-  amount 

ofthc  malt  needed  for  the  saocharinYat i..n  ,,f  the  starch  can  therefore  be  cor- 
respondingly reduced.  In-trad  of  mashing  the  ground,  rasped,  or  chip|H-d 
potatoes  in  open  mash-tubs  as  was  former  I \  d..nr,  th.  tirst  steamed 

under  a  pressure  of  two  to  three  atmosphere-.,  uh.-rcby  Uie  starch-con tain- 
ing  cells  are  thoroughly  ruptured  and  tin-  March  put  in  condition  to  U- 
easily  acted  upon  by  the  diastase.  Am..nur  th.  f..rm-  ..1  apparatus  baaed 
upon  this  principle  may  be  mentioned  those..!'  llollefivund.  li<»hm.  Henxe, 
and  Ellenbergcr.  In  that  of  Urn/,-,  whi.-h  has  Ut-n  lar^-ly  adopti-d.  tin- 
potatoes,  afler  steaming  under  a  pressure  of  several  aim-  are  so  dis- 
int. -rat.'d  that  on  opening  a  valve  in  tin-  l^tt«.m  ..t'  th.-  ran  1  th.-  pulp  is 
forced  out  through  a  gratin-  in  a  thin  stivain.  This  is  ooolttl.  mix'^1  \\ith 
the  requisite  quantity  of  malt,  and  start. •<!  to  ma-hin-.  In  tin-  H«.ll.-freund 
and  in  the  Bohrn  ai>paratus,  th<-  ^camin-j;,  di-int.  -rating,  and  mashing  all 
take  place  in  th<i  same  closed  vessel,  the  malt  U-in-j  add>d  alt«-r  ti 
integrated  mass  has  Ixvn  prop.-rly  <•<.,,!,  <1  d.»\vn.  (ireen  malt  i-  found  to 
work  better  in  this  case  than  air  malt,  and  product's  more  ali-ohol. 

2.  FERMENTATION  OF  TIN:  \Voirr,  OR  SAOCHAIMM:  LI-.TID. — In  the 
case  of  mashing,  as  described  above,  <  ith.  r  with  main  or  with  potatoes,  the 
wort  must  first  be  cooled  down  before  adding  the  yeast  and  starting  the 
fermentation.     The  yeast  used  is  a  surface  y«aM,  ami  either  fresh  brewer's 
yeast  or  compressed  yeast  (previously  softened  in  \\ann  \\at.  r)  may  be  used. 
The  procedure  is  now  somewhat  different,  acvonling  a>  we  have  a  grain- 
mash  or  a  potato-mash  to  deal  \\  ith.     In  the  former  case,  using  a  thin 
drained  from  the  exhausted  grain,  it  has  been  found  that  th.    |N >t  i 
are  obtained  when  the  temperature  durini:  f«-rm.  ntation   rix-s  to  al»oi 
or  34°  C.  (92°  to  94°  R),  as  shown  in  Fig.  63  (see  p.  17!')  ;  in  the  latter 
case,  where  the  entire  mash,  solid  matter  and  all,  is  fermented,  th.   tin 
tion  begins  at  a  much  lower  temperature,  and  the  heat  rv.il v.-d  in  the  fer- 
mentation of  such  a  concentrated  wort  ultimately  carries  the  temp,  ratmv  to 
the  same  maximum.      In  the  Knglish  plan.  :al>l<-  lar-tie  arid  forms 

because  of  the  higher  temperature,  and  this  is,  of  o»ui>e,  at  the  expense  of 
the  alcohol  formation,  while  in  the  (Jerman  plan,  IN-.-.IU*-  ,,f  the  low  initial 
temperature  of  the  fermentation,  com  pa  rat  iv.lv  little  laetie  arid  is  produced, 
and  when  the  higher  temjx'patun  -  are  r.  a<-hrd  the  mixt ure  already  conta 
much  alcohol  that  the  laetie  arid  ferment  grows  with  emisiderabie  diftienlty. 

For  one  thousand  litres  of  grain-iua-h.  eiirht  to  ten  litres  of  brewer's 
yeast  or  one-half  kilo,  of  eompress^l  yeast  are  used  ;  forone  hundre<l  litres 
of  potato-mash,  one  to  two  litres  of  brewer's  yeast  or  three-fourths  to  one 
kilo,  of  compressed  yeast  are  need 

The  fermentation  is  sometime  divided   into  several  stages:  the  prcl 
nary  fermentation,  in   which    the   yeast-<-elN   Lrn^\    without  much  alcohol 
formation;  the  main  fermentation,  in  which  the  maltose  is  fermented;  anti 
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the  q/ter-fermentation,  in  which  the  dextrine  is  gradually  changed  into  mal- 
tose and  this  into  alcohol. 

The  time  of  fermentation  varies  from  three  to  nine  days,  but  it  is  carried 
on  until  the  density  of  the  liquid  ceases  to  lessen  or  attenuate,  which  is 
determined  by  the  saccharometer. 

The  coefficient  of  purity  of  a  fermentation  is  a  term  used  to  designate 
what  percentage  of  the  available  starchy  material  in  a  substance  has 
actually  undergone  the  pure  alcoholic  fermentation.  Thus,  the  reaction 
C6H10O5  -j-  H2O  =  2C2H6O  -f  2CO2  demands  from  one  kilogramme  of 
starch  a  percentage  of  alcohol  equal  to  71.7  litres,  and  such  a  yield  from 
one  kilogramme  of  fermented  material  would  indicate  a  purity  coefficient  of 
one  hundred  per  cent.  A  percentage  yield  equal  to  sixty  litres  of  alcohol 
from  one  kilo,  of  material  would  give  a  purity  coefficient  of  83.7  per  cent. 

In  France,  the  juice  from  inferior  beets  instead  of  being  worked  for  the 
extraction  of  sugar  is  often  fermented  and  distilled.  The  juice  is  extracted 
from  the  beet  either  by  rasping  and  pressure  or  by  slicing  and  maceration, 
the  former  method  yielding  the  better  spirit.  The  juice  is  made  slightly 
acid  with  sulphuric  acid  to  prevent  any  viscous  fermentation,  and  a  small 
quantity  of  brewer's  yeast  is  added.  The  fermentation  of  acidulated  beet 
juice  sets  in  speedily  and  a  thick  mass  of  scum  forms  on  the  surface  of  the 
liquor,  which  is  frequently  got  rid  of  by  adding  fresh  quantities  of  the  juice 
to  that  already  fermenting.  The  temperature  of  the  fermentation  is  from 
20°  to  22°  C.,  and  the  process  is  usually  complete  in  twenty-four  to  thirty- 
six  hours.  In  still  another  process,  known  as  "  Leplay's  method,"  the  sugar 
is  fermented  in  the  beet-slices  themselves,  which  are  put  in  bags  in  the  fer- 
menting-vats,  and  then  the  slices,  charged  with  the  alcohol  produced,  are 
distilled  with  the  aid  of  steam  until  exhausted  of  spirit. 

The  use  of  the  molasses  obtained  in  the  extraction  of  the  raw  sugar, 
whether  from  the  sugar-beet  or  the  sugar-cane,  is,  however,  much  more 
common.  In  France  and  Germany,  where  the  beet-sugar  molasses  is  pro- 
duced in  large  quantities,  the  molasses  originally  marking  40°  to  48° 
Beaume  is  diluted  to  8°  or  10°  Beaum6,  and  sulphuric  acid  of  66°  is  added 
to  the  amount  of  1.5  per  cent,  of  the  molasses  taken.  This  neutralizes  the 
bases  of  the  beet-molasses  and  inverts  the  cane-sugar  present,  bringing  it 
into  fermentable  form.  Brewer's  yeast  is  then  added,  and  the  fermentation 
proceeds  rapidly.  The  temperature  ranges  from  22°  C.,  that  usually  chosen 
in  France,  where  more  dilute  solutions  are  fermented,  to  25°  to  30°  C.  in 
Germany,  where  the  concentration  is  usually  as  much  as  1 2°  B.  Two  hundred- 
weight of  molasses  at  42°  B.  will  furnish  about  six  gallons  of  pure  spirit. 

In  the  West  Indies,  notably  in  Jamaica,  the  cane-sugar  molasses  is 
similarly  utilized,  but  the  procedure  is  somewhat  different.  In  this  case  the 
addition  of  yeast  is  unnecessary,  as  the  nitrogenous  matters  present  suffice 
to  start  spontaneous  fermentation.  The  best  rum  is  that  gotten  from  the 
molasses  alone ;  a  second  grade  is  obtained  from  the  skimmings  and  "  sweet- 
waters"  which  accumulate  in  the  extraction  of  the  sugar.  To  these  is  added 
some  "  dunder"  (fermented  wash,  deprived  by  distillation  of  its  alcohol  and 
much  concentrated  by  boiling),  which  acts  as  the  ferment  and  starts  the 
action.  Molasses  is  then  added  in  the  proportion  of  six  gallons  to  every 
hundred  gallons  of  the  fermenting  liquid  and  the  action  allowed  to  go  to 
completion.  One  hundred  gallons  of  this  mixture  when  distilled  should 
yield  twenty-five  gallons  of  "  low  wines"  or  one  gallon  of  proof  rum  for 
each  gallon  of  molasses  employed. 
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LI..I  ID. —  I'poi,  the  c,,u-tructi,,u  of  apparani-  for  the  di-tillm-  In.in  the 
fermented  ma-h  of  the  alcohol  \\hieh  it  miitaiii-  much  -kill  and  in-' unity 
have  Iwcu  di-pla\.d,  and  BOOM  ••!'  the  lat.  :  .f  -till-  :IIH!  notifying 

•pparatOS  employ ed  in    lar-e  di-till.-ri.--  an    \\oml.-rfnlly  ada|  •  i.tain- 

iiiLi  in  a  cnntinuou- operation  tin-  pmv-t  and  -tion-.-t  al«  ol.,,l  fr,,m  (In 
ti  niiriitation     product-.       \\  ,      may   di-t  in-  ni-h     -ome    five    main    claaBCS  of 
di-tillinu  apparatus,..!'  which    the   minor  \ari.  ti.  -   :i>  RNH    t"    U- 

-pecially   enumerated.      These  classes  ar«   :     lir-t,    -imple    -till-    uitli    \\..rm 
rondrn-rr  liratc«l  l.v  <liivrt    lii'in-  :   -,•«••, ml.  -impl,-   Mill-  \\itli 
\\arim-r";  third,  stills  with   n-rtityinfl  "  \\a-h-\\anm  r"  ;   f..iirth,  -till-   \\ith 
••\\a-h-warinrr,"    r.-«-t  ilyin- -ami    <l<  plil.  -inat-.i-    apparatus    i'nr    int.  rinitt.  nt 
working  ;  and,  litth,  similar   1'nnn-  «•{'  ri.n-tnirtimi  fur  i-niitiiiiinii>.  \\«.rkin^. 
The  first  and  simpl.-t  nf  tlu-x-  classes    hardly  n-.tU  an\  -|M-I  ial  d- 
Tli.-  stills  ai-r  usually  «.f  « -..pprr,  flat-lH.ttmmil,  and  ..it'.-ii  -t    gml    > 
prcially  in   Irish  and  S-ntrh  whMx.-y  distillerieB,      It    i-  obviOQI   th:.- 
use  involves  a  groat  waste  <.t'  furl.     Therefore  die  ol*  tin-  «  arli.  -t  devi 
ccom, mi/in-  the  h.-at  ..fdi-tillatimi  ,  !  in  int«T|HMiii:  lw-t\\.-ni  th.-  -till 

and  the  n-lriiivratin--  apparatn-  a  "  \\  a-h-\\anm-r."  «.r  vt-ssi-l  filli-<l  with  the 
li«|iiid  n-ady  t'or  distillation.  Thrmi_i:h  thi^  \  •«•>-  d  thr  pip«  «,,i,  Jn- hut 

vapors  to  the  ivfri-vrator  mil  pa>s«-d.  and  th<  vapOfBpftrtlyOOodeneUg  th«-re 
heated  up  the  wa>h,  whieh  then  went  int..  th.-  -till  <jnit«-  lint.     Dora's  a) >jw- 
ratns,  still  somewhat    u-rd    in   >mallrr  r-tal»li-lini« nt-   in   Qemiail 
plishe<l  the  same  tiling,  :md  etl'e.-t.  d  a  partial  reetili<-:itinii  of  the  di-tillate  by 
baying   intei-po-«l    !>et\\e«n   tin-  Mill   and   the   |,  :    a   \e--el   d 

horizontally  into  two  eompartnn-nt-  hy  a  diaphi'ii  •  >p|KT.      The  iipjuT 

and  larger  compartment  servexl  as  a  \vash-\\anner.  and  through  it  the  tuU* 
OODVey  ing  the  vapon  tVom  the -till  passed  into  the  l..\\er  eompartm«  nt.  \\heiv 
at  lirst  the  distillate  condensed.      A-  the  \\a-h   !•• 
tillate  gives  oil'  alcoholic  vaj>ors,  which  then  pa—  oil  and   are  com 
the  worm,  while  the  watery  portion  i-  allow,  d  to  flow  hack  into  the  still  by 
a  side-connection.     It  is  obvious  that  this  rectifying  action  ran  U-  increased 
by  the  introduction  of  two  or  more  such  vessels  brt\\M-n  the  .-till  ami  the 
final  condenser,  and  so  a  distillate  much  richer  in  alcohol  U-  obtained. 

Another   principle  was    now  brought    int<>   play  in  rlVerting  a    fractional 
condensation,  that  of  dephlegmatioo,  or  chilling  the  vapor  coming  off  by 
contact  with  metallic  diaphra-jm-  ><>  that  a  portion  of  it.  and  of 
most  watery,  is  condoned  and  xpaiat.d   while  the  richly  alcoholic  vapor 
passes  on  into  the  rectifier  or  mnden-er.     Thn«   tflpet  01  tfaea    m.-t  .lab- 
orate  apparatus  maybe  briefly  refer  ml  to  :   the  1'i-torin-  appaiatns,  used  in 
<iermany  for  the  thick  potato  -ma-he-  of' that  country,  \\hii-h  i-  intermittent. 
th>    <  oH'ey  still,  used  in  Kngland  and  S-otland    f'or  the  thinner  wort- 
grain,  and  the  column  apparatus,  lir-t   intr.Hluc.tl    by  Savalle  and  impio\,^d 
by  later  inventors,  which  is  used  in    1*' ranee  for  di-tilling  wims  and  h. 
many  to   follow  up  the  work  of'  the    I'i-toriu-  or  -imilar  apjwiratu-.      li-th 
the  ( 'ofley  still  and  the  column  apparatn-  are  <iuitinuou-  in  action.      In  the 
I'istnrins  apparatus,  two  boilers  and  a  \\a-h-\\anner  are  used  tor  th. 
mash,  and  are  connected  so  that   the  vapor-  from   the   tir-t    Imiler  pa.—   into 
the  second  boiler,  heating  it  up  and   in   time  drivin-j  vapor   from   it,  which 
then  passes  around  the  \\a.-h-\\ arn:er  and    ur<H-s  through  x-veral  ilephlogma- 
tors  plactxl  one  above  the  other.      In  the>c  the  watery  alcohol  is  continually 
being  condensed  and  running  back  to  the  second  boiler,  while  the  un<«.u- 
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densed  vapor  which  escapes  from  the  top  dephlegmator  goes  finally  to  the 
refrigerating  apparatus.  The  Pistorius  apparatus  has  been  improved  upon 
by  Gall,  Schwartz,  and  Siemens.  The  Coffey  still,  illustrated  in  Fig.  67, 
consists  of  two  columns  placed  side  by  side,  made  of  wood  and  lined  with 
copper.  The  analyzer,  A,  is  divided  into  twelve  small  compartments  by 
four  horizontal  plates  of  copper,  a,  perforated  with  numerous  holes  and 
furnished  with  valves  opening  upwards.  Dropping-pipes,  b  6,  are  also 
attached  to  each  plate,  the  upper  end  of  the  pipe  being  an  inch  or  two 
above  the  plate  and  the  lower  end  dipping  into  a  shallow  pan,  c,  placed  on 
the  lower  plate.  The  second  column  or  rectifier,  B,  receives  the  spirituous 
vapors  passing  from  the  column  A  through  the  pipe  g.  This  column  is  also 
divided  into  compartments  like  A,  but  there  are  fifteen  instead  of  twelve. 
The  ten  lower  diaphragms,  I,  are  pierced  with  small  holes  and  furnished 
with  drop-pipes,  while  the  upper  five  have  only  one  large  opening  sur- 
rounded by  a  ring  to  prevent  the  finished  spirit  from  returning.  Between 
each  of  these  compartments  passes  a  bend  of  a  long  zigzag  pipe,  n  nf,  one 
end  of  which  is  attached  to  the  pump  m,  whilst  the  other  end  discharges  the 
contents  of  the  pipe  into  the  top  of  the  column  A,  as  indicated  by  the  arrow. 
The  following  is  the  working  of  the  apparatus.  In  the  first  place,  the  fer- 
mented liquor  or  wash  is  pumped  up  by  the  pump  m  until  the  zigzag  pipe 
is  filled  and  the  wort  flows  over  the  compartments  a  a  a.  Steam  is  then 
admitted  into  the  compartments  of  the  analyzer  by  the  pipe  d  and  heats  the 
wash,  which  is  deprived  of  all  its  alcohol  by  the  time  it  reaches  the  bottom 
of  the  cylinder  and  flows  off  by  ef  as  spent  wash.  The  strong  spirituous 
vapor  passes  through  g  to  the  rectifier,  and  at  last  through  the  worm  c  of 
the  refrigerator  into  the  receiver.  The  CoflPey  still  is  recognized  as  the  best 
and  most  economical  device  for  preparing  a  nighly-concentrated  spirit  in  a 
single  operation.  It  is  specially  adapted  for  preparing  from  grain-mashes 
what  is  called  "  silent  spirit,"  which  is  almost  entirely  destitute  of  flavor, 
and  of  a  strength  ranging  from  fifty-five  to  seventy  over  proof.  It  is 
not  so  well  adapted  for  the  distillation  of  malt  whiskey  as  fire-heated  stills, 
because  the  peculiar  flavor  of  the  whiskey  depends  upon  the  retention  by  the 
alcoholic  distillate  of  the  volatile  oils  produced  in  the  mash,  and  the  Coffey 
still  separates  the  alcohol  from  these  as  well  as  other  impurities.  The  forms 
of  apparatus  used  in  France  for  the  distillation  of  wines  are  illustrated  in 
that  of  Cellier-Blumenthal  as  improved  by  Derosne,  shown  in  Fig.  68. 
The  alcoholic  vapors  from  A  pass  into  B,  and  thence  into  the  rectifying 
column  (7,  which  contains  a  series  of  perforated  metal  cups  over  which  wine 
from  the  wine-warmer,  E,  is  trickling.  The  vapors  thus  enriched  go 
through  the  upper  rectifying  column,  D,  and  thence  to  the  wine-warmer,  Ey 
which  serves  as  a  first  condenser,  and  then  to  the  cold  condenser,  F,  and  so 
to  the  collecting  vessel.  After  the  operation  is  well  under  way  the  supply 
of  wine  can  be  introduced  from  H  through  G,  k,  and  E,  while  the  de-alco- 
holized liquid  can  be  run  off  from  the  lower  side  of  A. 

Another  form  of  still  very  largely  used  in  France  and  Belgium,  especially 
for  thin  mashes  like  molasses  and  beet-mash,  is  that  of  Savalle,  illustrated 
in  Fig.  69.  It  is  a  continuous-working  apparatus.  B  is  the  still  proper 
heated  by  steam-pipes,  A  is  the  rectifying  column,  C  is  for  catching  froth, 
D  is  a  warm  tube  condenser  and  E  the  cold  condenser.  The  elements  which 
form  the  condensing  and  rectifying  parts  of  the  column  A  are  shown  in 
Figs.  70  and  71.  The  vapors  rising  pass  through  the  holes  of  the  per- 
forated plates,  on  which  rests  a  layer  of  condensed  liquid  which  can  only 
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drain  down  through  d  into  the  cup  c  placed  below  it.  From  these  cups  it 
overflows  upon  the  perforated  plate  and  is  again  drained  off  by  the  next 
connecting  tube,  d.  The  rising  vapors  are  therefore  washed  by  the  liquid 
upon  each  perforated  plate. 


FIG.  68. 


4.  RECTIFYING  AND  PURIFYING  OF  THE  DISTILLED  SPIRIT. — The 
products  from  the  preliminary  distillation  from  the  fermented  grain-  or 
potato-mash  are  not  at  first  sufficiently  strong,  but  must  be  strengthened  by 
rectifying.  In  England,  the  spirits  obtained  by  the  first  distillation  from 
grain-mash  are  generally  called  low  wines,  and  have  a  specific  gravity  of 
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about  .975.  By  rectifying,  or  doubling,  a  crude  milky  spirit,  abounding  in 
oil,  at  first  comes  over,  followed  by  clear  spirit,  which  is  then  caught  sepa- 
rately. When  the  alcoholic  strength  of  the  distilled  liquid  has  considerably 
diminished,  the  remaining  weak  spirit  that  distils  over,  called  faints,  is 
caught  separately  and  mixed  with  the  low  wines  preparatory  to  another 


FIG.  72. 


distillation.  The  rectifying  is  most  rapidly  and  effectually  done  in  the  sev- 
eral forms  of  column  apparatus,  the  best  of  which  will  yield  a  very  pure 
alcohol  in  one  or  two  operations. 

An  improved  Savalle  rectifying  column  as  used  generally  in  French  and 
Belgian  distilleries  is  shown  in  Fig.  72.  It  consists  of  a  still,  A,  heated  by 
closed  steam-coils,  a  rectifying  column,  B,  two  tubular  condensers,  C  and  Z>, 
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the  upper  of  which  any  comlen-ed  \ ajK)r»  flow  back  into  the  rectifying 

column   as  "  low  wines,"  while  the  lo\\er  eond.  n-«  •••  take-   li  .tilt- 

product  and  passes  it  mi  as  high-grade  alcohol  {4,  the  re<  • 

The  puritx  ino  of  rau   -pirit.  notably  that  from  grain  ami  |>otatoe*,  from 
what  is  called  fii-el  oil  (pn,p\l,  isohuty'l,  and  am\l  alcohol-,  i-  alrio  a  matt.. 
of  -i.  at  importance  if  the  -pirit  Ei  to  U»  need  a*  the  luxix  of  any  manufac- 
tured liquors.     This  fn-el  <>il  -ti.-U  pe,-i-tentl\   to  the  alcoholic  distflkl 
and  alcohol    rectified    until  it  reach.-  a  -tivn'jth  ,,f  nin>  •  >r  ninety 

per  cent,  hy  volume  contain-  fu-el  oil.      Sun,-  a<vtaldehydc  also  rvin.t 
solved    in    the  alcohol,  i/ivm-    the  rau   -pint  a  hitter    ta'-lr.       Yarioii-    reme- 
dies have   been    proposed  of  a   ehemieal    nature,  -n«  h   a-   a    •  tin- 
i-aw  >pirit  with  oxidi/iucr  agents  like  chromic  acid  and  o/onc,  hut  il.. 
MOOmpliahed  little  a-  yet      The   method    mo-t    ^i-ncnilly  iti  UHC  i-   ! 
the  alcohol  with  water   until    it    i-  alnmt    !i!t\                                     :..  l,\    \\hich 
means  the  I'usel  oil  >eparates  out   iusoluhle  in   the  dilute   -( 
lilter  through  wood  chaivoal.      This  process  N-em>  to  U-  .|iiitc  nucoemful  in 
removing    th<>   higher   alcohols.      The    \\ood    charcoal    «an    U-   n-\i\iti«il    l-> 
heating  to  redness  in  closed  retorts.     Another  metho<l  \\hi.h   i 
experiiueute«l  u|>oii  on  a  lar^e  scale,  known  as  the  lijinL'  and  Ciitlin  p 
i-  to  shake  up  the  diluted  spirit  with  petroleum  oil-,  \\hich  have  the 
of  absorbing  the  fusel  oil  and  so  withdrawing  it  from  the  dilute  alcohol. 

5.  MANUFACTURE   OF    ALCOIK.I.K      BKVERAOH    fBOM     l:.- 
SPIRIT. — Much  of  the  rectified  spirit,  from  \\hate\er  Mum  derived,  fa  iwcd 
in  connection  with  the  manufacture  of  wine-    for   fmiifvini:   them   and   in 
arrestiiur  fenucntation  at  any  de-ircd   -tau«-.      T:  lletl  4t  silent   .-pirit" 

made  in  England  by  the  use  of  the  (  otli  \  -till  from  -, •;,;,,. u,,,-t  JH  largely 
utilized  in  the  manufacture  of  factitious  brandi.-  and  \\im-s.  and  the  same 
thing  aj)plies  to  the  spirit  manufactured  in  l-'ramv  troin  I  HI  t-r.M,ts  and  I 
root  molasses,  where  it  is  made  to  supply  the  deficiencies  in  the  wine  and 
Cognac  production.  The  composition  of  many  of  thoc  factitious  or  imita- 
tion liquors  will  be  spoken  of  in  the  next  s<vtion  in  emimeratin::  the  products 
of  this  industry. 

HI.    Products. 

1.  RECTIFIED  AND  PROOF  SPIRIT. — "  Ratified  spirit  of  wine"  i~  the 
name  given  to  the  most  concentrated  alcohol  producible  by  ordinary  diMil- 
lation.  The  British  Pharmacopoeia  d«-crilM-  rectified  -pirit  as  oontaii 
eighty-four  per  cent,  by  weight  of  real  alcohol  and  having  a  specific  ffraviiv 
of  .838.  The  United  States  Pharmacopeia  under  the  name  "al.i.hol" 
simply  calls  fora  spirit  containing  ninety-one  alcohol  ami 

having  a  specific  gravity  of  .820.     The'-  -pirit"  "f  the  ( ierman    Pharma- 
copoeia has  a  specific  gravity  of  .830  to  .834,  and  hence  corresponds  in 
nearly  to  the  British  "  rectified  spirit." 

"Proof  spirit"  is  a  term  in  constant  use  in  Kn-land  for  the  purposes  of 
excise,  and  its  strength  was  defined  by  act  of  Parliament  to  U-  ,-uch  that  at 
51°  F.  (10°  C.)  thirteen  volume-,  -hall  weiirh  the  ~ame  BB  twelve  volumes 
of  distilled  water.  The  "  proof  spirit"  so  made  will  have  a  spo-itic  -nix  ity 
of  .91984  at  15.5°  C.  (60°  F.)  and  contain,  a.  owuea,  4!».iM  \»  r 

cent,  by  weight  of  alcohol  and  oO.TU  j>er  «vnt.  of  water.  Spirits  weaker 
than  proof  are  described  as  U.  P.  (under  proof),  stronger  than  proof  as 
O.  P.  (over  proof) ;  thus,  a  spirit  of  titty  T.  P.  mean-  fifty  water  and  fifty 
proof  spirit,  while  fifty  O.  P.  mean-  that  the  alcohol  i-  of  neb  strength  that 
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to  every  one  hundred  of  the  spirit  fifty  of  water  would  have  to  be  added  to 
reduce  it  to  proof  strength.  Tables  are  in  use  which  give  for  alcohol  of  a 
given  specific  gravity  at  15.5°  C.  (60°  F.)  the  corresponding  percentage  by 
weight,  percentage  by  volume,  and  percentage  of  proof  spirit  contained.  (See 
Wynter  Blyth,  Foods,  Composition  and  Analysis,  p.  371.) 

2.  ALCOHOLIC  BEVERAGES  MADE  BY  DIRECT  DISTILLATION  OF  THE 
FERMENTATION  PRODUCTS. — Arrack. — Any  alcoholic  liquor  is  called 
"arrack"  in  the  East,  but  arrack  proper  is  a  liquor  distilled  either  from 
toddy,  the  fermented  juice  of  the  cocoa-nut  palm,  or  from  malted  rice.  The 
arrack  from  Goa  and  Columbo  is  considered  the  best,  and  is  made  from 
toddy  alone.  This  latter  is  gotten  by  the  incision  of  the  palm,  and  is  col- 
lected in  pots  hung  to  the  tree  under  the  cuts.  It  is  then  fermented  and 
distilled.  In  preparing  the  other  variety,  as  carried  out  in  Batavia  and 
Jamaica,  the  rice  is  covered  with  water  and  allowed  to  germinate,  dried  at  a 
temperature  of  59°  F.,  which  arrests  germination,  and  then  a  wort  is  made 
from  the  malted  rice  in  the  same  manner  as  from  malted  grain,  which  is 
afterwards  distilled.  The  commonest  pariah  arrack  of  India  is  generally 
narcotic,  very  intoxicating,  and  unwholesome.  It  is  prepared  from  coarse 
jaggery  sugar,  spoilt  toddy,  refuse  rice,  etc.,  and  rendered  more  intoxicating 
by  the  addition  of  hemp  leaves,  poppy-heads,  juice  of  stramonium,  and  sim- 
ilar deleterious  substances. 

Brandy  in  its  purest  form  (Cognac)  is  the  direct  product  of  the  distilla- 
tion of  French  wines.  Its  peculiar  flavor  and  aroma  are  due  to  the  presence 
of  ethyl  pelargonate  (cenanthic  ether).  The  better  qualities  of  Cognac  are 
distilled  from  white  wines,  the  inferior  varieties  from  the  dark-red  Spanish 
and  Portuguese  wines  or  from  the  marc  or  refuse  of  the  wine-press,  and 
called  eau  de  vie  de  marc.  A  great  deal  is  also  entirely  factitious,  being  mix- 
tures of  grain  spirit  and  water  to  which  different  coloring  and  aromatic 
substances  have  been  added.  When  first  distilled,  brandy,  like  other  spirit- 
uous liquors,  is  colorless,  when  it  is  known  as  white  brandy,  and  continues 
so  if  kept  in  glass-  or  stone-ware,  but  if  stored  in  oak  casks,  as  is  usually 
the  case,  it  gradually  acquires  a  yellowish  tint  from  the  wood,  and  it  is  then 
termed  pale  brandy.  The  still  deeper  color  which  it  frequently  possesses  is 
given  it  by  the  addition  of  caramel-color,  which  was  originally  designed  to 
simulate  the  appearance  of  an  old  brandy  long  stored  in  casks.  The  color- 
ing matter  is  also  sometimes  prepared  from  catechu  and  similar  astringent 
and  aromatic  substances. 

Numerous  recipes  for  factitious  brandies  are  furnished  for  the  use 
of  rectifiers  in  making  up  imitations  of  Cognac.  Two  such  recipes  are 
given  : 

No.  1. — Powdered  catechu,  100  grammes ;  sassafras- wood,  10  grammes  ; 
balsam  of  tolu,  10  grammes  ;  vanilla,  5  grammes ;  essence  of  bitter  almonds, 
1  gramme ;  well-flavored  alcohol  (at  85°),  1  litre. 

No.  2. — Malt  spirit  (17  U.  P.),  100  gallons;  nitrons  ether,  2  quarts; 
ground  cassia-buds,  4  ounces ;  bitter  almond  meal,  5  ounces ;  sliced  orris- 
root,  6  ounces;  cloves  in  powder.  1  ounce;  capsicum,  1J  ounces;  good 
vinegar,  3  gallons ;  brandy-coloring,  3  pints  ;  powdered  catechu,  2  pounds ; 
full-flavored  Jamaica  rum,  2  gallons.  Mix  in  an  empty  Cognac-cask  and 
macerate  for  a  fortnight,  with  occasional  stirring.  Produces  106  gallons  at 
21  or  22  U.  P. 

Kirschwasser  is  a  spirituous  liquor  obtained  in  the  Black  Forest  and  in 
Switzerland  by  the  distillation  of  cherries.  These  are  picked  free  from  the 
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stalks  and  only  the  sound  fruit  taken.     They  an*  rru*lit«l  for  the  extraction 

•  •f  the  juice,  and  a  portion  «.f  tin-  eherr  <ln-n  -4  |»arati  ly  ern-h^l 

90  Bfl  to  hrui-e  the  kernel-  and  ivtuni.il  to  tin-  jnie,-.      Th,--«.  l.rui^l  kernel* 


impart  the  alnmnd  flavor   to  tin-  pr^bi,  i  :md  gvt  t..  it    ;i  -mall  •  ( 

in    n, 


prn-si<!  acid  (.15  gramme  per  litre  in  L'O.M!  kir-h  and  m,,iv  in  n, 
kinds).  After  fermentation  tin-  liquor  i-  drawn  ..if  ami  di~tilli«l  bv  riteam. 
The  kirseh  is  OolorleSS,  of  affTeeftOlfl  o<l,,r  and  tlavr.  \\  liirli  improve  l.v 
keeping,  and  njual  in  -tn-n-tli  to  tin-  -tr..n-'-t  -pint. 

/,'»///  i-  a  spirit  obtained    in   tin-  \\V~t   Indie-,  ii-.tal.lv  in  .Jama 
tiniqne,  and  Guadeloupe,  I'n.m  th.-  m..|.  ,-uiie  by  t<  i  raonta- 

tiun  and  distillation.      The  pi-,,.  ;n.  nlat  i.-n  of  th,-  ino|asS6SM  carried 

out  in  Jamaica  ha-  alivad\  l..,n  de-eribed.  \\'lien  D6M',  nun  i^  white  and 
transparent,  and  has  when  1'n-hly  di^tillc<l  an  nnplcasmt  .-l..r.  du-  i 
contained.  These  are  ^ot  rid  of  l»y  treatment  with  charcoal  and  lifn.  I- 
owes  its  characteristic  flavor  to  Imtyrir  ether,  whirli  nnii|M»iiii«l  UalaoDre- 
pared  artificially  on  a  large  scale,  and  a-^  rum  essence  is  used  \\iih  "-ilent 
spirit"  to  make  a  iactitions  rnm.  Rum  i-  al\\a\-  ei.l.,nil  artificially  witli 
caramel  -color. 

IlV/As'/v//  is  the  spirit  obtained  from  the  t'nment,.l  iroH  offlorn,  ry.-,  and 
barley,  either  raw  or  malted.  In  Scotland  and  Ireland,  malti-d  kulev,  pun* 
or  mixed  with  other  grain,  is  chiefly  n-ed  ;  in  the  preparation  <.f  the  l£>ur- 
bon  whiskey  of  Kentucky  partially-malted  mm  and  rye  are  taken,  while 
for  the  Mononjrahcla  whiskey  of  Western  IN-nn-ylvania  only  rye  ^uith  i.-n 
per  cent,  of  malt)  is  used. 

The  difference  between  the  Irish  and  tin-  S--..t.-h  whi-keys  li«^  mainly  in 
the  fact  that  the  former  is  distilled  in  tin*  common  or  so-called  |N>t—  till*, 
which  brings  over  together  with  the  >pirit  a  variety  of  flavoring  an,l  «,ther 
ingredients  from  the  grain,  while  in  Scotland  the  (  'otlev  -till  i-  n-^d.  the 
product  of  whieh  is  a  spirit  deprived  of  essential  oils.  The  Iri-h  "  poteen" 
whiskey  has  a  smoky  Havor,  due  to  the  u-e  <.i  |M-at  fires  in  i)n«|wnug  the 
malt.  This  flavor  is  imitated  by  the  addition  of  one  or  two  drops  of  civa- 
sote  to  the  gallon  of  spirit-. 

3.  ALCOHOLIC  BEVERAGES  MADE  FRO>t  GRAIN  Sni:irr.v  I>i-rni  \- 
TION  UNDER  SPECIAL  CoM>rn<>\^.  —  filn   is  common  ^r.iin  -pirit  ili>tillttl 
and  aromati/ed  with  junijKT-lK'rries,  either  when  the  "l-.w  w  i  nes"  are  con- 
«vnt  rated  or  later,  nsin_«r   full—  tren-th  sj)irit.     The  pn.jH.rtion  employed  is 
variable,  depending  upon  the  nature  of  the  spirit  ;   u-ually  MM   kilogramme 
of  berries  is  enough  to  flavor  one  ho-tolitiv  of  raw  Lrrain  >pirit.      The  finest 
gin,  known  as  "Holland-."  i-  made  in  the  di-tilleri^  of  S-hi«ilam.  \\hene,« 
al>o  the  name  *'  Schiedam  S-hnapp-."      Stra—  burj;  tur|M-ntiin».  oil  ..t'  j. 
e,,riander  and  cardamom  seedfl  are  fretjuentlv  -nb-titut.  d  either  \\h..ll> 

part  for  the  juniper-lM-rries,  parti<-ularly  in  the  Kn-lMi-made  .jin.  Tin* 
Duality  and  h'ealthfulness  of  the  -in  dejH-ihU  larj.-lx  II|H.U  the  purity  of  th  • 
Spirit  used  in  the  distillation,  whether  raw  or  n-etiii.  d. 

It  is  obvious  that  many  lii.-titi..u<  brandie-  L  l,,n-  aU.  in  this  daaS,  being 
made  by  distillation  of  mixtures  of  which  -rain  .-pint  i-  the  ki>i-  and  n  i 
by  distillation  of  wine.  Tln-e  have  alivady  U  •«  n  de^-riU-d. 

4.  LIQUEURS  AM»  <  k)BDl  \i  >.  —  Li«jncurs  i-  the  name  now  given  to  such 
spirituous  drinks  as  arc  obtained    by  mixing  varioii-  ar-matie  -.iib-tanoes, 
such  as  anise,  absinthe,  essence  of  oningc-jnvl,  etc.,  with  brandy  or  alcohol. 
Mo-t   are  obtained    by  Meepin-r   j,,   pun-  brandy  or  spirit   ditfeivnt    fruit-  or 
aromatic  herbs  ami  submitting  the  resulting  li.juid  t«>  distillation. 
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are  then  colored,  and  are  usually  sweetened  with  sugar.  The  best  known 
of  them,  absinthe,  contains  a  characteristic  ingredient,  oil  of  wormwood,  to 
which  its  deleterious  effects  on  the  nervous  system  are  supposed  to  be  due. 
At  the  same  time  the  amount  of  total  essential  oils  held  dissolved  in  the 
strongly  alcoholic  liquid  are  such  that  when  diluted  with  water  the  solution 
becomes  milky  and  turbid. 

Among  the  liqueurs  may  be  enumerated  Absinthe  (consumed  chiefly  in 
Paris),  Anisette  (made  in  the  south  of  France),  Chartreuse  (made  by  the  monks 
of  the  Grande  Chartreuse  Monastery  near  Grenoble),  Curagoa  (originally 
made  in  Holland  of  Cura9oa  oranges),  Maraschino  (made  in  Italy  of  Dal- 
matian cherries),  Ratafia  (made  in  France  from  a  great  variety  of  fruits), 
and  Usquebaugh  (a  strong  cordial  made  in  Ireland.  It  furnishes  the  name 
from  which  the  word  whiskey  is  derived). 

The  composition  of  the  several  alcoholic  liquors  enumerated  cannot  be 
given  in  great  detail,  as  their  differences  depend  so  largely  upon  the  flavor- 
ing and  aromatic  ethers  and  essential  oils,  which  are  present  in  very  minute 
quantities.  Their  general  differences  in  alcoholic  strength  and  the  extract 
and  ash  of  several  are,  however,  given  on  the  authority  of  Konig :  * 


Alcohol 
by 
volume. 

I 
Alcohol 
by 
weight. 

Alcohol 
by 
volume. 

Alcohol 
by 
weight. 

Russian  Dobry  wutky 

62.0 

54.2 

Gin  

47.8 

40.3 

Scotch  whiskey  .  .  . 
Irish  whiskey 

50.3 
49  9 

42.8 
42  3 

Ordinary  German  schnapps 
Rum 

45.0 

49  7 

37.9 
42.2 

English  whiskey  .  . 
American  whiskey  .  . 

49.4 
60.0 

41.9 
52.2 

French  Cognac  brandy  .    . 

55.0 

47.3 

And  in  one  hundred  cubic  centimetres  of  the  following : 


Specific 
gravity. 

Alcohol  by 
volume. 

Alcohol  by 
weight. 

Extract 

Ash. 

Arrack     

0.9158 

60.5 

52.7 

0.082 

0.024 

Cognac    

0.8987 

69.5 

61.7 

0.645 

0.009 

Rum     

0.9378 

51.4 

34.7 

1.260 

0.059 

The  composition  of  some  of  the  well-known  liqueurs  is  also  given  on 
the  same  authority :  f 


Specific 
gravity. 

Alcohol 
by 
volume. 

Alcohol 
by 
weight. 

Extract. 

Cane- 
sugar. 

Other  ex- 
tractions. 

Ash. 

Absinthe 

0  9116 

58  93 

0  18t 

032 

Bonekamp  of  Maag  bitters 
Benedictine  bitters  .  .  . 
Ginger  

0.9426 
1.0709 
1.0481 

50.0 
52.0 
47.5 

42.5 
44.4 
40.2 

2.05 

36.00 
27.79 

32.57 
25.92 

3.43 

1.87 

0.106 
0.043 
0.141 

Creme  de  men  the  .... 
Anisette  of  Bordeaux  .  . 
Curac.oa  .  . 

1.0447 
1.0847 
1  0300 

48.0 
42.0 
550 

40.7 
35.2 
47  3 

28.28 
34.82 
28  60 

27.63 
34.44 
28  50 

0.65 
0.38 
0.10 

0.068 
0.040 
0.040 

Kummel  liqueur  .... 
Peppermint  liqueur  .  .  . 
Swedish  punch  

1.0830 
1.1429 
1.1030 

33.9 
34.5 
26.3 

28.0 
28.6 
21.6 

32.02 

48.25 
36.61 

31.18 
47.35 

0.84 
0.90 

0.058 
0.068 

*  Konig,  Nahrungs-  und  Genussmittel,  vol.  ii.  p.  469. 
f  Ibid.,  p.  470.  J  Oil  of  wormwood. 
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5.  Srr>K-i>KOi>n  ix— The  distaier*!  i-idiies  (Schiero|» 
side-product  of  considerable  value  as  a  <-.ittl«    f<MM|  Ixxause  of  its  composi- 

tiMii.      It  is  especially  rich   in   protrin    i,,ait, 

tractive,  or  caHx)hv(lrat(s.     Th«-  n-idu. ...  j,-,,,,,  th.   licet- and  can*»motaaeft 

distillation,  moivover,  yield   an   a-h  vr\    n.-h    ,,,    jH.ta>li   silts,  N»  that  they 

constitute,  .-p.vially  in  Prance,  a  wy  im|N,nant  source  of  potato.    The 

composition  of  several  of  the-,-  distillery   r-idu«  are  giv.  -n   in   th.-  m..i-t 
-tat<-  on  the  authority  of  Kfmig:  * 


Nllro- 

Non-nltitv 

Water. 

Fat 

, 

^ 

TnMtgr. 

•    -.    :    .    : 

Rye-mash  residues  (ton 

analyses)  .    . 

93  48 

022 

1    In 

A   ,  ,- 

n  "  •' 

,  , 

Potato-mash       residues 

U.oo 

(six  analyses)  .... 
Molasses  residues    .    .    . 

95.10 
91.86 

0.17 

1.17 
2.04 

2.17 
4.66 

0.92 

complete  analyses  of  <li>tillcry  residues  drJMl   l,\   centrifupitini: 
and  heating  in  kilns  are  given  on  the  Authority  «.f  Kosenbauiu  :f 

M      | 

Water 11.62 

Ash 6.60 

Crude  proteid  matter •_'  1  M 

Crude  hbre \< 

Non-nitrogenous  extractives 88.96 

Crude  fat 11.44 

100.00 
Of  these  constituents  the  following  were  assimilable  as  food : 


100.00 


Albuminoids 

Carbohydrates 

Fat. 


17.20 

|   ID 


IftJO 

39.40 

LM 


IV.  Analytical  Tests  and  Methods. 

The  most  important  determination  in  this  class  of  beverages  is  tin 
alcoholic  strength.  In  the  case  of  rectified  or  proof  >|»irit,  a  -imple  specific 
uravity  determination  is  all  that  is  miv— ary,  ami  thru  tin-  percentage 
stivno-th  can  l)e  found  from  the  alcohol  tahhs  that  ha\.  Utn  pn'pared. 
The  determination  should  be  made  at  15.5°  C.  (60°  F.).  Of  it  at  anotlu-r 
temperature,  a  correction  in  the  nadin-  imi-t  lie  made.  By  nuiltinlyinj 
the  number  of  degrees  above  or  Mow  1 ')°  l»y  .4  and  adding  the  prooael  t-- 
the  percentage  given  by  the  table  when  the  temjM-rature  i>  lower  than  1  "•  . 
or  deducting  it  when  the  teni|»er:itiin»  is  above,  we  get  a  correct  result.  In 
freshly-distilled  and  colorless  whi-key-  and  brandies,  in  which  the  amount 
of  extract  is  trifling,  the  alcoholic  percentage  can  a  No  U  »1«  -t.  -nninMl  with 
sufficient  accuracy  by  the  specific  gravity  nutd.*!.  In  Mich  1  ignore  as  con- 
tain more  extractive  matter,  like  rum  and  the  liqueurs  and  cordials,  the 


*  Konig,  Nab  rungs-  und  GtenuMtnittel,  vol.  ii.  p.  468. 
f  Jahresber.  der  Chem.  Technol.,  1887,  p.  1068. 
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alcohol  must  first  be  distilled  off,  and  then  made  up  to  original  volume  with 
distilled  water,  as  described  on  p.  203. 

A  process  of  estimating  the  alcohol  by  oxidizing  it  into  acetic  acid  and 
determining  this  by  volumetric  soda  solution  has  also  been  recommended 
by  Dupre,  but  it  can  only  be  applied  to  a  pure  alcoholic  distillate,  and  has 
no  advantage  over  the  specific  gravity  determination  made  on  the  same  dis- 
tillate. It  is  obvious  that  the  Geissler  vaporimeter  and  the  several  forms 
of  ebullioscope  (see  p.  203)  can  be  applied  with  rectified  or  proof  spirit, 
but,  as  said  before,  they  are  not  capable  of  the  greatest  accuracy. 

The  detection  and  determination  of  fusel  oil,  which  is  a  persistent  im- 
purity in  potato  and  grain  spirit,  is  one  of  the  most  important  tests  to  be 
made.  To  detect  it,  the  greater  part  of  the  alcohol  is  distilled  off  at  as 
low  a  temperature  as  possible,  the  residual  liquid  mixed  with  an  equal 
-amount  of  ether  and  well  shaken.  The  ethereal  layer  is  then  separated 
and  allowed  to  evaporate  spontaneously,  when  amyl  alcohol,  if  present,  will 
be  recognized  in  the  residue  by  its  smell  and  chemical  characters.  Petro- 
leum-ether may  be  advantageously  substituted  for  the  ether  in  this  test. 

Marquardt  dilutes  forty  cubic  centimetres  of  the  spirit  with  sufficient 
water  to  bring  the  density  to  about  .980  and  then  agitates  the  liquid  with 
fifteen  cubic  centimetres  of  pure  chloroform.  The  chloroform  is  allowed 
to  settle,  separated,  and,  after  shaking  with  an  equal  measure  of  water,  is 
allowed  to  evaporate  spontaneously.  The  residue  is  treated  with  a  little 
water  and  one  or  two  drops  of  sulphuric  acid,  and  sufficient  solution  of 
potassium  permanganate  is  then  added  to  cause  the  mixture  to  remain  red 
after  standing  for  twenty-four  hours  in  a  closed  tube.  Shortly  after  adding 
the  permanganate  the  odor  of  valeric  aldehyde  will  be  observable,  but  after 
standing  only  the  odor  of  valeric  acid  is  distinguishable.  This  can  be 
recognized  even  when  the  original  residue  is  almost  odorless  and  the  smell 
is  not  masked  by  the  presence  of  essential  oils,  etc.  Marquardt  has  devised 
a  more  elaborate  modification  of  the  test  to  serve  for  the  quantitative  deter- 
mination of  the  fusel  oil  present.  For  the  detailed  description  the  reader  is 
referred  to  Allen,  2d  ed.,  vol.  i.  p.  121. 

Caramel  (burnt  sugar)  is  used  for  coloring  and  flavoring  spirits,  and  is 
left  as  a  brown  residue  on  evaporating  the  spirit  on  the  water-bath.  This 
residue  is  distinguished  by  its  bitter  taste,  and  if  further  heated  it  carbonizes 
and  smells  of  burnt  sugar. 

Tannin  is  often  present  in  brandy  and  whiskey,  being  chiefly  extracted 
from  the  casks  used  in  storing.  Sometimes,  as  in  factitious  brandies,  it  is 
purposely  added  in  the  form  of  tincture  of  oak-bark.  It  may  be  detected 
by  the  darkening  produced  on  adding  ferric  chloride  to  the  spirit,  and  any 
reaction  thus  obtained  may  be  confirmed  by  boiling  off  the  alcohol  from 
another  portion  of  the  spirit  and  adding  solution  of  gelatine  to  the  residual 
liquid,  when  a  precipitate  will  be  produced  if  tannin  be  present. 

E.  BREAD-MAKING. 

Bread-making  as  ordinarily  conducted  is  to  be  classed  as  one  of  the  fer- 
mentation industries,  as  the  swelling  of  the  dough  which  must  precede  the 
baking  is  generally  accomplished  by  the  aid  of  the  alcoholic  fermentation 
brought  about  by  the  addition  of  "  leaven'7  or  yeast.  For  every  kilogramme 
of  bread,  on  the  average,  2.5  grammes  of  alcohol  and  2.7  grammes  of  car- 
bon dioxide  gas  are  produced.  Both  are  lost  in  the  baking,  but  the  carbon 
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sw< 


ill--  thick  and  viscid  dough  and 

-truciui-e.      Tin-  nut  «inl\ 
to   the   bread  when    hake*!   a   ponm^  :m.|  tvllular   -trncti.  illow*    the 

chemical  changes  to  take  plac.-  tlii..ii-|,,,iit  it>  i-ntin-  -ul,-ian«-«-,  \\heivb\  it  i- 
made  more  readilv  di-« -t  ilile. 

As  tilt'  only  effective  n-ult  of  the  al«  ..||,,|i,-  li  rin«  iitati..n  i-  jN-rtiiriiit<d 
by  the  carbon  dioxide,  of  course  tin-  addid'.n  ,,f  .  hciiti«-d  iiiixtiin-*  liln-r- 
ating  carbon  dioxide  Lja-  in  the  doii^h  mav  IM-  made  to  obviate  the 
«•!'  u-ing  leaven  OF  yeast,  and  -imilar  i  Invad-  mav  I*-  made  hv 

I'oreint;  earl)on  dioxide  under  |>n--uie  ini<.  the  don^li. 

A  few  varietie-  ..fhivail  are  made  iVmn  dmi-jli.  .•.  itln>iii  anv  aera- 

tion either  natural  or  artificial,  -neh  a-  hard  ,  the  mil' 

of  the  .lews,  the  Scotch  oat-cake,  and  the  corn-«-ake  <»f  the  S.nthcni  StEtet, 
These  exceptions  are  of  relatively  minor  important,-,  and  l>v  tar  tin-  largest 
amount  of  bread  is  prepared  l>\  the  aid  of  a  ferm. utati-.n 


I.  Raw  Materials. 

1.  FLOUR. — This  may  l>e  from  either  win  at.  • 
Indian  corn,  and  rice,  although  wheat  Hour  i>  u-«d  in  tar  the  latest  anioiini. 

The  average  composition  of  the  >e\eral  c.rcaU  ha-  alread'> 
(See  page  162.)  Wheat  Hour  contain-  the  following  subetana- 
trine,  cellulose,  sugar,  albumen,  oliadin,  or  udutt  n,  mn<  in,  tibrin,  ivnalin.  lai. 
mineral  matters,  and  water.  Tin-  iir-t  ll»ur  are  <-arlH»hy<lnite-,  or  n-.n-nitio- 
ii'euous  sub>tan«'es,  and  thev  form  nearly  three-fourths  of  tin-  entire  \\ei-jljt  of 
the  flour.  The  nitrogenous  matter  consists  ot'  at  IcaM  tiv<-  prim-ipli-s.  three 
of'  which,  gluten  (or  gliadin),  mticin  (or  mueiiliir.  and  fibrin,  con-titnte  the 
bulk  of  the  material  known  as  crude  Lrlnten,  which  i-  the  Mib-tamv  It-It 
wlien  flour  is  kneaded  with  water  and  afterwards  \\a-lml  to  remove  the 
starch  and  any  soluble  substance  Tin-  remaining  t\M>  nitvoffeoous  princi- 
ples, albumen  and  cereal  in,  art1  soluble  in  water,  ami  art*  <urrii*d  away  with 
the  -larch  in  the  process  of  washing.  < 'rude  gluten  (106068868  a  jMi-uli;, 
he.-iveuess,  arising  from  the  presence  of  gliadiu.  \\hieli  i>  a  hi-jhly  teiiacion> 
bodv.  and  which  i<  not  pre-ent  in  the  same  form  in  other  «,ival  H<»ut>.  It 
is  this  adhesive  property  which  gliadin  impart-  to  ^luti-ii  that  rciiders 
wheateu  flour  so  well  adapt e<l  for  bread-makim:  pnr)MJ0eB. 

The  vegetable  albumen  mentioned  aUive  as  ^.Inblc  in  cold  walt-r  is  My 
compauied  also  by  -mall  amount.-  of  le-jiimin,  ««r  ve.jvtabli-  «-i^-in.  \\hicli  i- 
al-o  -oluble  in  water.  The  cereal  in  is  a  -oluble  nitraaeniz^l  feniinit  «nviir- 
ring  especially  in  the  husk  or  bran  of  \\heat  and  ntlier  erivaU.  It  has  ft 
jiowerful  1'ermentative  action  mi  -tareli,  rapidly  converting  it  int->  de\ti:u. 
and  other  soluble  Ixnlics.  The  presence  of  cerealin  in  bran  rcn«Iei>  "  whoh- 
meal"  unsuitable  foi-  making  bi-«-ad  bv  fermentation  \\ith  \«-.i-t.  though  it 
can  be  used  with  baking-p«»wder>.  and  "  aerated  I  -in  it. 

The  cerealiu  act-  like  malt  extract,  cau-ini:  a  LK.  rapid  e*nivei>ion  uf  the 
starch  into  dextrine  and  -u^ar,  and  hence,  although  the  bran  i-  rich  in  nitro- 
genous food  con-tit  lieu  t-  and  salts  like  pho-phat« -,  it  i-  ordinarily  x-parat.d 
from  the  flour.  The  difference  in  the  coni|M,-iti..n  of  the  xveral  part*  of 
the  wheat --Ta in  i-  .-.  •  u  in  the  following  table  -i\.-n  by  <  hureh  :* 


*  A.  H.  Chun-h,  F-«  ds.  etc.,  S-.uth  Kensington  Huud-UK  k.  j  ;• 
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FINE  WHITE  FLOUR. 

COARSK  WHEAT  BRAN. 

In  100 
parts. 

In  1  pound. 

In  100 
parts. 

In  1  pound. 

"Water     

13.0 
10.5 
74.3 
0.8 
0.7 
0.7 

2  ounces    35  grains. 
1      '        297 
11      '         388 
0      <           57 
0      '          49 
0      '          49 

14.0 
15.0 
44.0 
4.0 
17.0 
6.0 

2  ounces  105  grains. 
2               175       ' 
7                 17 
0              280       ' 
2               316       ' 
0               422 

Fibrin  j  etc  

Starch  etc 

Fat 

Cellulose 

Mineral  matter  

Of  course,  milling  processes  have  to  be  specially  adapted  to  the  separa- 
tion of  these  quite  different  parts  of  the  wheat-grain,  the  white  flour  free 
from  bran  being  sought.  By  the  old-fashioned  "  low-milling"  process,  or 
grinding  between  stones  placed  very  close  together  and  bolting,  it  was  impos- 
sible to  obtain  a  flour  entirely  free  from  contamination.  The  advance  to 
"  high-milling'7  with  stones  far  apart,  allowing  the  middlings  which  were 
produced  to  be  purified  before  grinding  to  flour,  was  a  step  which  made  it 
possible  to  make  from  winter  wheat  an  excellent  and  pure  flour.  When, 
however,  spring  wheat  with  its  hard  and  brittle  outer  coats  became  important 
commercially,  it  was  necessary  to  resort  to  the  roller  methods  of  milling, 
which,  in  conjunction  with  peculiar  purifying  machinery,  would  furnish  a 
flour  free  from  all  undesirable  impurities.  This  latter  process  has  now 
almost  universally  replaced  the  other  in  the  newer  mills. 

While  most  of  the  other  cereals  before  mentioned  may  be  found  occa- 
sionally in  admixture  with  wheat  flour,  very  few  are  used  alone  as  substi- 
tutes for  it.  Rye  flour  is  probably  the  only  one.  It  makes  a  dark-colored, 
heavy  and  sourish  bread,  which,  however,  keeps  moist  a  long  time.  It  is 
much  used  in  Germany  and  Northern  Europe  under  the  name  of  "  black 
bread."  A  more  palatable  bread  may  be  made  from  a  mixture  of  two  parts 
wheat  flour  and  one  part  rye  flour.  This  latter  flour  contains  a  slightly 
larger  amount  of  fat  and  of  mineral  matter  than  wheat  flour.  It  is  never 
so  white  as  wheat  flour  and  the  gluten  has  very  little  adhesive  character. 
Ritthausen  states  that  the  gluten  of  rye  flour  consists  chiefly  of  mucin 
(mucedin)  and  vegetable  casein,  and  that  gliadin  is  absent  entirely. 

2.  YEAST,  OR  FERMENT. — The  yeast  is  at  present  almost  always  added, 
either  as  brewer's  yeast  or  compressed  yeast.  In  former  times  (and  to  a 
considerable  extent  still  in  France)  wheat  bread  was  made  by  the  use  of 
leaven,  which  consists  of  a  portion  of  dough  left  over  from  a  previous  baking, 
charged  with  the  ferment  and  in  part  changed  by  its  action.  This  leaven 
is  originally  gotten  by  allowing  flour  and  water  to  start  into  spontaneous 
fermentation,  the  nitrogenous  matters  becoming  soluble  and  attacking  the 
starch  and  sugar.  The  leaven  tends,  however,  to  continue  its  decomposition 
and  to  pass  from  the  alcoholic  into  the  lactic  fermentation.  Hence,  if  the 
leaven  is  in  the  proper  stage  of  decomposition,  it  will  induce  the  alcoholic 
fermentation  and  generate  carbon  dioxide  gas,  raising  the  dough ;  if  it  be, 
however,  in  a  more  advanced  state  of  decomposition,  lactic  fermentation 
will  be  induced  and  the  bread  will  not  raise,  but  become  heavy  and  sour. 
In  domestic  practice,  to  avoid  this  latter  result,  salseratus  (bicarbonate  of 
potash  or  soda)  is  added  to  the  dough.  This  neutralizes  the  lactic  acid  as 
fast  as  formed,  and  ajt  the  same  time  liberates  carbon  dioxide  gas  to  inflate 
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the  doniih.      AII  e\ee—  ..('  thi-  silt.  ho\\t-ver,  makes  the  bread  alkaline  t«. 
the  taste  and  yellow  in  color. 

The  black  rye  bread  of  ( i. -nnaiiy  i-  al-o  made  with    the  aid  of 
kii..wn  as  "sour  d. .ii-h."      In  thi-  both  tin-  alcoholic  and   tin-  lactic  ferraen- 
tations  are  in  progress,  the  latter,  however,  preponderating.      K"«ir  j>art8  of 
such  sour  dough  arc  used  for  one  hnndi-Ml  part-  of  Hour. 

The  brewer's  yeast  for  bread- raisin^  pnrp..-«--  MUM   I..-  :i  fr,-h  and 
orous  yeast-growth,  as   its  value   hen-  depend-    lapj«  1\   up..n  the  energv  nf 
the  tii  mentation  set  np  and  the  amount  of  gas  given  nil',      h- 
and  characters  have  been  described  before,    (we  p.  177.)     1'nle— «»f  tin-beat 
Duality,  compressed  veast  is  to  be  prefi-nvd  beOMM  "f  it-  reliability .     The 
manufacture  of  this  latter  18  OUTied  "Ut  chiefly  in  connection  \\ith  the  -pint 
di-tilleries.      At  the  time  when  the  fermentation  i-  ni«-( 

-kimmed  off  the  surface  and  conveyed  l.y  \\ I.  n    i      >tn  to  steam  sieves,  1'v 

\\hieh  the  husks  an-  eliminated,  th«-  M rained  liquid  n  t«.  th.   ^  ttlin'^; 

ei-terns.  When  -«-ttled  the  -urt'aee  liipiid  is  drained  <.ll'  and  -4-nt  !'••!•  oli-til- 
liiiLr  purposes,  and  the  yca.-ty  -ediincnt  iui.\e«l  \\ith  -tareh  and  put  into  the 
filter-presses,  which  spiee/.e  cut  all  the  liquid,  leaving  a  d<.nt:h-like  jttiste, 
which,  when  sufficiently  dry,  i-  paeked  intn  ha--  and  paeket-  and  i-  ready 
for  distribution.  Yeast  from  it-  peeuliar  -limy  nature  cannot  be  pressed 
well,  hence  the  addition  of  starch,  which  permit-  the  renmval  <>f  m«»re  <»f 
the  liquid  from  the  yeast.  Absolutely  pure  yeasts  do  imt  kii-p  so  well  as 
the  same  yeasts  with  an  addition  of  from  five  to  ten  per  cent,  of  starch. 
In  high-class  yeasts  the  quantity  added  is  about  five  or  -i\  per  cent.  ;  it  is 
often  added  in  quantity  Iwyond  this  as  an  adulterant.  A  good  sampl> 
compressed  yeast  has  the  following  characteristic-  :  It  -Imuld  l>e  only  \ 
slightly  moist,  not  sloppy  to  the  touch  ;  the  color  should  !>«•  a  creamy  white  ; 
when  in-okeu  it  should  show  a  fine  fracture  ;  when  placed  upon  the  tongue 
it  should  melt  readily  in  the  mouth  ;  it  should  have  an  odor  of  apples,  not 
like  that  of  cheese;  neither  should  it  have  an  acid  taste  or  odor.  Any 
cheesy  odor  shows  that  the  yeast  is  stale  and  that  incipient  decomposition 
has  set  in. 

3.  BAKING-POWDERS. — To  obviate  the  neee— ity  of  u-ing  yeast  and 
waiting  until  the  dough  should  rise  sufficiently  under  the  intlu«  n«-«-  of  fer- 
mentation, it  was  early  sought  to  supply  the  ne«  irln.n  dioxide  to 
the  dough  by  chemical  reactions.  The  earliest  proposal  wa-  that  «.f  Liebig 
t  >  use  sodium  bicarbonate  and  hydrochloric  acid,  which  should  evolve  <  ar- 
IMUI  dioxide  and  leave  sixlium  chloride  (common  salt)  in  the  dou^h.  Next 
was  proposed  sodium  bicarbonate  and  tartaric  acid,  or  acid  pota—inm  tar- 
trate  (cream  of  tartar).  More  generally  satisfactory  than  either  of  these 
was  acid  calcium  phosphate  (either  alone  or  with  acid  manm-inm  phos- 
phate), which  with  bicarbonate  of  soda  formed  Horsford's  baldo 
More  objectionable  was  the  introduction  of  alum  with  the  -odium 
ate.  Most  of  these  baking-powder  mixture-,  th.-n.  have  starch  or  flour 
added  as  "  filling,"  and  in  amount  varying  from  twenty  t««  -i\ty  per  cent. 

iiiicarbonate  of  ammonia  i<  also  used  in  many  of  the  mixtures,  n- 
placing  part  of  the  bicarbonate  of  soda.  &•//-/•"/'*•///;/  tl»nrx  have  the-- 
baking-powders  already  added  to  the  flour  in  such  proportions  as  will 
insure  a  spongy  dough  upon  the  simple  addition  of  water  and  kneading 
into  loaves. 

15 


226  FERMENTATION  INDUSTRIES. 


n.  Processes  of  Manufacture. 

1.  THE  MIXING  OF    THE  DOUGH  AND    ITS   FERMENTATION. — The 
mixing  of  the  flour  with  water  is  not  only  for  the  purpose  of  bringing  into 
solution  the  dextrine,  the  sugar,  and  the  soluble  albuminoids,  and  of  allowing 
these  latter  as  peptones  to  act  upon  the  insoluble  constituents  of  the  flour, 
such  as  the  gluten,  but  also  to  penetrate  and  soften  the  starchy  material. 

The  yeast  may  be  added  directly  along  with  the  water  to  some  of  the 
flour  to  prepare  a  "  sponge,"  from  which  the  whole  batch  of  dough  is  after- 
wards made,  or  a  "  ferment"  may  be  made  from  the  yeast  with  potatoes, 
which  then  is  used  to  prepare  the  "  sponge."  In  the  latter  case,  potatoes 
are  boiled  and  mashed  with  water  into  a  moderately  thin  liquor,  to  which 
the  yeast  is  added,  and  the  fermentation  is  allowed  to  proceed  for  some  time. 
In  either  case,  whether  the  yeast  is  used  direct  or  a  potato  ferment  is  first 
made,  it  is  worked  up  with  a  portion  of  the  flour  into  a  slack  dough,  which 
constitutes  the  sponge,  and  is  set  to  rise  in  a  warm  place.  When  the  sponge 
has  risen  sufficiently  the  remainder  of  the  flour  is  worked  in  with  sufficient 
water  to  which  some  salt  has  been  added,  and  the  dough  is  made,  kneaded, 
allowed  to  stand  again  to  rise,  and  then  prepared  for  baking. 

The  use  of  potato  ferment  is  based  upon  the  belief  that  the  yeast-cells 
are  strengthened  by  the  soluble  nitrogenous  matter  of  the  potato,  which  acts 
as  a  yeast  stimulant  and  enables  a  smaller  quantity  of  yeast  to  hydrolyze  a 
larger  amount  of  starch.  The  yeast-cells  then  act  very  rapidly  upon  the 
glucose  so  produced  and  develop  the  alcoholic  fermentation.  The  albumi- 
noids of  the  flour  are  also  softened  and  partially  peptonized,  and  these  changed 
albuminoids  in  turn  assist  in  the  hydrolysis  of  the  starch. 

2.  BAKING. — For  baking,  the  oven  should  have  a  temperature  of  400° 
to  450°  F.  (200°  to  230°  C.).     Before  putting  the  loaves  in,  they  are  often 
wetted  on  the  surface  so  as  to  assist  in  the  prompt  formation  of  a  crust  that 
shall  prevent  the  dough  from  expanding  too  rapidly.     The  heat  expands  the 
gases  throughout  the  loaf  and  so  swells  it  and  vaporizes  a  portion  of  the 
moisture.     The  action  of  the  heat  and  steam  soon  converts  the  starch  on  the 
surface  of  the  loaf  into  dextrine  and  maltose,  and  these  at  the  high  tempera- 
ture are  slightly  caramelized,  thus  giving  the  crust  its  brownish  color.     At 
the  temperature  of  the  interior  of  the  loaf  (212°  F.  or  slightly  above)  the 
starch-cells  will  have  burst,  the  coagulable  albuminoids  will  have  been  coagu- 
lated, and  their  diastatic  power  entirely  destroyed. 

Steam  is  often  injected  into  the  oven  during  the  baking.  The  effect  is 
to  produce  a  glazed  surface  on  the  outside  of  the  crust.  It  not  only  dex- 
trinizes  and  glazes  the  crust,  but  keeps  the  interior  of  the  loaf  moist  by  pre- 
venting too  rapid  evaporation.  Of  course,  in  perfectly  tight  ovens  the  steam 
resulting  from  the  evaporation  of  the  moisture  of  the  bread  is  kept  in,  and 
soon  acts  in  the  same  manner  though  in  a  lesser  degree. 

One  hundred  kilogrammes  of  flour  will  yield,  according  to  its  quality, 
from  one  hundred  and  twenty-five  to  one  hundred  and  thirty-five  kilos,  of 
bread. 

3.  USE  OF  CHEMICALS  FOREIGN  TO  THE  BREAD. — Both  alum  and 
sulphate  of  copper  (and  notably  the  former)  have  been  used  in  baking  bread 
from  inferior  or  unsound  flours  in  order  to  improve  the  appearance  of  the 
bread.     This  they  do  by  preventing  or  lessening  the  breaking  up  of  the 
gluten  and  starch  during  fermentation,  and  so  cause  a  loaf  made  from  a  bad 


•J-J7 
flour  to  be  larger,  less  sodden,  and  whit. -r,  ji\  in-  it  th.  appearance  of  having 

IH.II  mad* •  from    bettor  Hour.       A-    tli«->«-   .-h.-in  injiirioii-    to   h-alth, 

and  as  their  >..!.•  purpo-.-  i-  to  al|.,\\  of  . I. •<-.•{. t  i. -n  a-  to  tin-  rhara«  t.  r  of  tho 
Hour  n>e<l  in  hivad-hakiiiLr,  they  oipjht  to  I,,  prohibited  by  lau  . 

Li«-bi-  i  ili.  use  of  lime-water  as  a  means  of  retarding  too  iBjrfd 

decomposition  oftlie>taivh  diirin.  !in  ntatioil  of  bread- ma  kin-j.      The 

br.-ad   made  with   the   prop,  r  amount  of  liine-\\at«-r   is  said  b\  Q  IK- 

more  -pon-y  in  textuiv,  pl.-a-ant  in  la-t<  ,  and  ijniti-  frei-  from  -.urn.  — .  In 
the  l»read  the  lime  exi-ts  as  <-aleinm  (-arboiiate,  hnt  in  -n.  h  .jnantities  88  to 
be  per  feet  ly  harmless.  The  iM-of  linie-\\ater  in  bread-making  i»  said  to  be 
pra. -ti-ed  < -\ten>ively  by  Glasgow  bakers. 

m.  Products. 

1.    liiiKAD. — The  nature  of  the  ehan-e  \\hieh  the  flour  undergoes  in  the 

bread-baking  proeiss  ha-  already  l>.-<-n  indi.-at.-d  in  part.      The  com 
of  the  finished  bread  ran  now  !><•  not^l.      A  loaf  of  wheaten  bn-ad  OOOaistl  of 
t\\o  |>arts,  the  crumb  and  the  rmxf,  which  ditfer  som.-u  hat    in  In.th  ph\- 
and  ehemieal  eharaetrr.      The  rrnmb  i>  \\hite  in  color,  more  or  less  vesicular 
in  strnetnre,  soft   when    froh,  and  of  airreeable   ta-te  and  sw«-et   o<l.»r  ;   thr 
crust  is  harder,  more  easily  broken,  of  a  cheMnnt-hro\\  n   color,  and    n.  arly 
drMitutr  oi'  all    porous  character,  is  sweeter  in  ta>t«-,  U-eausc  of  the  ^n 
change  of  the  starch   into  dextrin  and   maltose.     The  chemical   ditll  r<  noes 
IM  tween  the  rninib  and  crust  of  wheat  bread  are  shown  in  1  of  the 

analyses  given  by  Von  Bibra.f 


CALCULATED  FOR  ANHYDROUS  BREAD. 

\\  ..-..  r 

•> 

:'•., 

.v,:,;- 

Nitro- 
genous 
material 

Dextrin 
and 

soluble 
starch. 

Sugar. 

Fat. 

Starch. 

AV  beaten  bread,  Number^,  crumb 
Wheaten  bread,  Niirnberg,  crust  . 
l>rend,  Nurnbrnr,  c-rumb    .    . 
bread,  Niirnberg,  crust  .    .    . 
\V  beaten  bread  from  Madrid     .    . 
\Ybeaten   bread  from  years   1816 
and  1817 

10.967 

n.oor, 

14.838 
B.064 

8.641 

7.854 
U.2M 
L8.9M 
8.S87 

9.741 

tarn 

L&OH 

15.413 
18.275 
4.763 

10.192 

J.  ::.;:: 

4.658 
88.966 

4.175 
4.149 
2618 
4.885 
1.470 

2.184 

4.958 

•J  14.-, 

uao 

•J.M.; 
6.S48 

1  888 

0.716 
1.064 
0.664 
1.178 

4  M 

1.8(X) 
0.666 

LOM8 

0.807 

67.871 

'.-•'77 

00  -4- 

-j  6M 
19.061 

81.872 
M  HN» 
88.180 

71.812 
68.676 

40.600 
18.000 

»•    4lo 

15.000 
n  861 

B  i,-.o 
11.420 
1400Q 
11.780 

8.660 

18.833 

Pumpernickel    from    "Westphalia 

(contained  HHIH-  bran)     .... 
\\  beaten  Zweiback,  Hamburg  .    . 
K   •   X\vi-ili:i<'k,  Bremen  

Marlt-y  bread  t'n.ni  Lower  Bavaria 
•n   bread  from    Bavaria   (per- 
!'••<  tlv  fret-  from  adulteration)     . 
Fine    rye    bread    from    Dalrcaria 
(containing  bran) 

The  differenees  In-t \vn-n  \vlnat   bread   made  l»y  the  usual 
process  and  \\h«at  bread  aerated  bv  carbon  di<»\ id.    uiid<  r  |>n>s8iire  (Daug 
lish  system)  arc  shown  also  in  the  following  analyse  by  Dr.  Bell  : 

*  Chemi-try  of  Wheat,  Flour,  and  Bread,  etc.,  1886,  p.  828. 
f  Stohmann  and  Kerl,  Angewand.  Cli<  in..  4th  ed.,  p.  215. 
J  Analyses  and  Adulteration  of  Foods,  p.  181. 
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CONSTITUENTS  OF  THE  BREAD 
BEDUCED  TO  DRY  STATE. 

AERATED  BREAD. 

HOME-MADE  BREAD. 

Tin  loaf. 

Cob  loaf  (Paris 
bread). 

Tin  loaf. 

Cob  loaf  (Paris 
bread). 

Crumb. 

Crust. 

Crumb. 

Crust. 

Crumb. 

Crust. 

Crumb. 

Crust. 

Starch,  dextrine,  cellulose,  etc. 
Multosc                      

78.93 
640 

10.30 

1.96 
0.18 
2.23 

78.96 
5.61 

11.28 

1.75 
0.16 
2.24 

82.75 
4.66 

8.58 

1.80 
0  13 
2.08 

82.82 
3.94 

9.09 

1.85 
0.17 
2.13 

78.12 
6.87 

11.65 

1.74 
0.22 
1.40 

77.62 
6.68 

11.17 

2.00 
1.22 
1.31 

82.05 
4.85 

10.59 

1.28 
0.15 
1.08 

83.42 
4.11 

8.68 

2.37 
0.39 
1.03 

Nitrogenous    matter,    insolu- 
ble in  alcohol     

Nitrogenous  matter,  soluble  in 

Fat  

Inorganic  matter  or  ash  .    .    . 

Percentage    of    moisture     in 

44.09 

19.19 

41.52 

16.48 

42.02 

22.92 

41.98 

20.02 

2.  CRACKERS  AND  HARD  BISCUIT  are  made  from  a  dough  composed 
of  flour  and  water,  with  the  addition  in  special  cases  of  a  great  variety  of 
sweetening  and  flavoring  ingredients,  such  as  milk,  eggs,  sugar,  butter  or 
lard,  spices,  and  flavoring  essences.  The  dough  prepared  in  large  masses  is 
passed  between  rollers,  and  from  the  sheet  of  dough  so  obtained  by  other 
machines  are  cut  out  the  various  forms  desired.  Sheets  or  trays  of  these 
dough-forms  pass  by  automatic  machinery  into  and  through  long  ovens  at 
a  regulated  rate  of  speed,  which  can  be  so  controlled  as  to  give  them  exactly 
the  requisite  exposure  to  the  heat  needed  for  baking. 

IV.   Analytical  Tests  and  Methods. 

1.  FOR  THE  FLOUR. — The  moisture  is  determined  by  drying  five 
grammes  of  the  flour  in  a  water-oven  until  constant  weight  is  obtained. 

The  starch  is  estimated  from  the  amount  of  glucose  which  is  produced 
from  it  by  the  action  of  dilute  acid.  Two  grammes  of  the  flour  are  boiled 
in  a  flask  with  inverted  condenser  for  several  hours  with  some  twenty  cubic 
centimetres  of  sulphuric  acid  suitably  diluted.  When  the  conversion  of  the 
starch  is  completed  the  solution  is  neutralized  with  soda,  made  up  to  definite 
volume  with  water,  and  the  glucose  determined  with  Fehling's  solution 
either  gravimetrically  or  volumetrically,  as  described  under  glucose.  (See 
p.  152.)  After  deduction  of  the  sugar  found  in  a  previous  test  to  be  con- 
tained in  the  sample,  the  difference  is  the  amount  produced  from  the  starch, 
together  with  a  small  quantity  from  the  dextrine  and  traces  of  fibre.  One 
hundred  parts  of  glucose  correspond  to  ninety  of  the  starch. 

To  determine  the  cellulose,  a  weighed  quantity  of  the  flour  is  boiled  with 
rather  dilute  sulphuric  acid  for  ten  minutes  to  dissolve  the  starch.  A  large 
quantity  of  water  is  then  added,  and  the  undissolved  part  allowed  to  settle. 
The  residue  is  thrown  upon  a  filter,  well  washed  with  boiling  water,  and 
then  digested  with  dilute  potash  solution  to  dissolve  the  albuminous  matter. 
It  is  then  washed  upon  a  tared  filter,  dried,  and  weighed.  It  is  now 
incinerated  and  the  ash  determined.  This  subtracted  from  the  weight  of 
material  on  the  tared  filter  gives  the  cellulose  or  fibre. 

To  determine  the  sugar,  ten  grammes  of  the  flour  or  powdered  grain  are 
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repeatedly  di'jesti-d    in   aleohol  .,('  -e\ .  nt  -it.  and  tin-  filtrate  made  up 

to  a  hulk  nf  thivr  hundred  .-nliir  <•« nt  im.-t  iv-.  Thi-  -o|ini,,u  i~  tir-t  testeu 
diivetlv  for  -liic<^r,  I. in  -,  n.  rally  with  n  n>ult>.  A  kn..\\n  j. 

of  the  filtrate  i-  then  ln.il. -d  for  four  miinit.  -  \\itli  five  ml.ir  «•«  nt  inn  treg  of 
normal  sulphuric  arid,  neiit  rali/ed  \\ith  soda  and  tested  \N  i  t  h  rVhlin^V  -.lu- 
lion,  and  tin-  -u-ar  pn-.-nt  reel  al«-nlat.d  fn«iu  tin-  n-tdt. 

The  total  niti-n,/,  and    tin-    jM,rti,,n-    -«.lnl.|.-   Off    in-olul,|t. 

in  alcnhnl,  an-  ^vin-rallv  d<  !•  rniin.  -.  I.  -  MUM-  th«-  |i..ni..n-  •»!'  tin-  nitn»- 
MCIKMIS  cmn|M.nn(U  -..lnl»|i-  ..r  in-nluhlr  in  \\ali-r  an-  •!••!•  •nniiird  Distend. 
In  tin-  latter  ra-<-  \Vanklvn'-  ammonia  |  |».  190)  in  tli« 

v. -nii-iit.  (  J.-nri-allv.  lio\\c\  <-r,  tin-  di-t im-t  i»n  mad.-  i-  into  tllOHO  alhiinii- 
n«»ids  xilnhlc  and  tlio^r  in-olnl>lc  in  al«-n|i..|.  For  tlii-  <li'trrn»inati«ui  ti-n 
irraiinnrs  nt'  tin-  fl«»ur  an-  minjil«-t.-lv  .\haiiM.  d  \\  itd  .  ight]  |»  r  .  -  nt.  aliiilml 
at  a  temix?ratnrr  ..f  1  In  l-\  ((JO°'C.)  and  an  ali<|ii»t  |M,rtioM  ..f  th* 
iilti'atc  rvapnrati -d  to  drvin-sn  and  \\<-iurli«-d.  A  knu\\n  ipiantity  ••!'  this 
ivsidtu-  i-  thru  analy/.-d  ji.r  nitn.-.-n  l,y  tin-  hnrna-  j.n--.—  \\  ith  0 
o\idc,  and  tlu»  nitn»ucn  ><»  nhtaiiiMl  mnlti|»li<il  l>\  »;..",  grfei  tin-  alhiiiiiin«iiU. 
The  tlnnr  left  after  tn-atim-iit  with  ale<»ln»l  i>  dri«-<|,  and  a  \\t-i^h<-«I  jH.rtinii 
analy/ed  for  niti-o^en  and  -imilailv  eal. -nlati-d  t^r  alhliiuinoids  (alhiinirn 
and  fihrin).  For  another  process  ior  then-  alKnminoid  determinations  hy 
(Jraham,  sec  Allen,  *' (  'oinmereial  <  Jnjanie  Anal\-i-."  I'd  M!..  \..l.  i.  p.  366. 

T\w gluten  is  L-M  det<-rmine<l  as  i-eeominend.  d  l.y  \Vanklyn  and  < 
Trn  grammes  of  the  Hour  are  niixMl  on  a  jM.ivrlain  plate  with  four  riihio 
centimetres  nf  water  -o  as  to  form  a  eompaet  <loii^h.  Thi-  i*  plan-d  in  a 
coniail  te-t-ulass  or  measure,  fifty  enl>ie  eentimetn-s  nf  \\ater  add.^l,  ami  the 
dough  manipulated  with  a  >patula  SO  as  to  free  it  fn-m  -tanh.  The 
water  is  decanted  <>|V,  a  fn>h  <jiian- 

tity  added,  and   the  kn.-adin-   cnn-  78. 

tinned  until  the  water  remains  col- 
orless. The  jrlutcn  ma—  i-  then 
removed,  kneaded  in  a  little  ether, 
ami  spread  out  in  a  thin  layer  «m 
a  platinum  dish,  where  it  is  dried 
l>y  the  aid  of  a  water-oven  until 
the  weight  is  constant.  The  ernde 
irluten  contains  ash  e«|iial  to  ahoiit 
.:;  |M-r  rent.  i>u  the  floor  ami  fat 
equivalent  t<»  1  .no  nt'  the  Hour. 

An  examination  nf  the  crude 
irluten  as  to  it-  po\\er  of'  di-tendin- 
under  tlie  inHuence  of  heat  is  often 
made  as  a  mean-  of  judging  of  the 
value  of  a  flour  for  hread-makin-. 
T\\\<  is  done  hy  the  aid  nf  the 
"/'Hi-ometer  of  llnland,  shown  in 

ie  thirty  ^ramm-  - 
the   flour  an    kneaded    as    jnM   de- 

serihed,  and  MVeta  -ramim-  of  the  fn -hly-> . -parat.  d  ermle  -lut.-n  obtained  is 
place<  1  in  the  inner  vess«'l  as  shown  at  "  f».  In  the  mean  time,  while  the 
gluten  is  hem-  j.ivpaivd,  the  tuhe  D  is  heateil  hy  means  of  an  oil-bath  until 


ISO 


*  Bread  Analysis,  London,  1886,  p.  43. 
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the  thermometer  T,  which  is  at  first  sunk  in  the  tube  Z),  registers  150°  C. 
The  thermometer  is  then  withdrawn  and  the  aleurometer  E,  containing  the 
gluten,  put  in  its  place.  The  spirit-lamp  under  the  oil-bath  is  allowed  to 
burn  for  ten  minutes  longer  and  then  extinguished.  The  piston  G  is  grad- 
uated so  that  when  pushed  down  it  registers  25°.  When  the  gluten  swells 
and  fills  the  space  from  a  b  to  c  d  it  touches  the  bottom  of  the  piston  and  is 
at  25°.  If  it  continues  to  swell  the  reading  may  be  30°  or  35°,  as  shown  on 
the  scale  when  the  piston  is  pushed  up.  If  the  gluten  does  not  indicate  at 
least  25°  on  the  aleurometer  it  may  be  considered  unfit  for  bread-making. 
A  similar  instrument,  termed  an  aleuroscope,  has  been  invented  by  Sellnick. 

To  determine  the  fat  of  the  flour,  four  grammes  are  dried  and  repeatedly 
digested  with  ether  until  exhausted.  The  filtrates  are  evaporated  in  a  tared 
vessel  and  weighed. 

To  determine  the  ash,  ten  grammes  of  the  flour  are  incinerated  in  a 
platinum  capsule  to  a  white  ash,  which  is  then  weighed. 

Among  the  adulterations  of  flour,  besides  the  admixture  of  other 
starchy  material  of  lesser  value,  which  must  be  looked  for  with  the  micro- 
scope (see  starches,  p.  161),  the  most  frequently  occurring  is  alum.  For  the 
detection  of  this,  one  of  the  best  known  tests  is  based  upon  the  property  of 
alumina  of  forming  a  violet-  or  lavender-colored  lake  with  the  coloring 
matter  of  logwood.  Ten  grammes  of  the  flour  should  be  mixed  in  a  wide 
beaker  with  ten  cubic  centimetres  of  water,  one  cubic  centimetre  of  the 
logwood  tincture  (five  grammes  of  logwood-chips  digested  with  one  hundred 
cubic  centimetres  of  strong  alcohol)  and  an  equal  measure  of  a  saturated 
aqueous  solution  of  ammonium  carbonate  are  then  added,  and  the  whole 
mixed  together  thoroughly.  If  the  flour  is  pure,  a  pinkish  color,  gradually 
fading  to  a  dirty  brown,  is  obtained  ;  whereas  if  alum  be  present,  the  pink 
is  changed  to  a  lavender  or  actual  blue.  As  a  precaution,  it  is  desirable  to 
set  the  mixture  aside  for  a  few  hours  or  to  warm  the  paste  in  the  water- 
oven  for  an  hour  or  two  and  note  whether  the  blue  color  remains. 

Or  to  separate  any  alum  from  the  flour  before  applying  the  test,  the  flour 
is  shaken  up  with  chloroform  in  a  stoppered  glass  cylinder  provided  with  a 
stopcock  below.  After  shaking  the  flour  rises  to  the  surface,  while  any  for- 
eign mineral  matter  settles  at  the  bottom,  and  may  be  run  off  with  a  little 
of  the  liquid.  The  mineral  matter  is  warmed  and  the  chloroform  gotten  rid 
of  by  the  aid  of  a  current  of  air.  It  can  then  be  examined.  Any  alum  in 
it  will  of  course  be  soluble  in  water,  and  can  be  shown  by  the  usual  tests. 
Methods  for  the  quantitative  determination  of  alum  found  as  an  adulterant 
in  flour  have  been  proposed  by  Dupr6  and  Bell  and  by  Wanklyn,  for  an 
account  of  which  the  reader  is  referred  to  Bell's  work  on  the  "  Analyses  and 
Adulteration  of  Foods." 

2.  FOR  BREAD. — The  methods  just  described  under  flour  are  almost  all 
equally  applicable  to  the  baked  bread.  To  test  bread  for  adulteration  from 
alum  a  slightly  different  procedure  is  to  be  followed.  To  about  a  wine- 
glassful  of  water  in  a  porcelain  capsule  five  cubic  centimetres  of  freshly- 
prepared  tincture  of  logwood  and  the  same  quantity  of  the  carbonate  of 
ammonia  solution  are  added.  A  piece  of  the  crumb  of  the  bread,  say  about 
ten  grammes,  is  then  soaked  therein  for  about  five  minutes,  after  which  the 
liquid  is  poured  away  and  the  bread  is  dried  at  a  gentle  heat.  If  alum  be 
present  the  bread  will  acquire  a  lavender  color  or  more  or  less  approaching 
dark  blue,  according  to  the  quantity  of  the  alum  which  has  been  added  ; 
whereas  if  the  color  be  a  dirty  brown,  the  bread  may  be  regarded  as  pure. 
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F.    THE  MANUFACTURE  OF  VINEGAR. 
Under  the  general  heading  "f  ri-nin-iiiaii.ui  mention  was  made  ,,f  tin- 

acetic  fermentation,  which  frequently  f«.llo\s-  tli.-  ale,,h«,li,-  f«  HIP  nt;iti,.n.  It 
is  produced,  it  is.  trn.-,  h\  other  SpeOMt  of  ferments,  l.m  !:ti-.l\  moo  mile- 
rials  susceptible  to  the  alcoholie  ti  riiientat i..n  01  aln-a.l\  .  •hangi-d  by  it  into 
alcohol-containing  product-..  The  close  association  in  nature  of  these  two 

changes  is  readily  mid«T-t I   \\|j,-n  tin-  rh« mi« -a I  nlat  i, -n-hip  of  ale,,l,,,|  and 

acetic  acid  is  looked  at.  Tin-  latt«  T  i-  tin-  simple  o\idati..n  pr..dii«-i  .,r  the 
former,  and  the  processes  for  d«  \  «'l..|iin-  th«-  alcoholic  change  in  anv  -ugaiy 
li(|nid,  Midi  a-  a  beer-wort  or  a  grape-miM.  hav.-  to  IN-  r»ntnillM|  <im-fiilly 
that  they  do  not  allow  of  this  siippl, -m. -ntary  <-han-»-  \\henhy  tin-  aln.li.'.l 
L:"'-  "v.-r  into  acetic-  acid.  The  condition^  under  \\hi.-h  the  ae«  ti,-  term,  nta- 
tion  sets  in  may  he  summarized  as  i'ollous  : 

1.  A  liquid  weak  in  al<  «»hol,  containing  not  more  than  twelve  per  cent. 
by  weight  of  this  compound. 

2.  Abundant  access  of  air. 

3.  A  temperature  of  from  20°  to  35°  C.  (68°  to  95°  F.  i. 

4.  Acetic  ferments  (Mycoderma  <><  ,  !«>-<  tin -r  \\ith  the  I'-HK!  wces- 
sary  for  these  organisms.     Under  this  head  in-  «.t'  ae,  ti,-  t'«  i-m.-nta  Nageli 
distinguishes,  Ixside-  the    Mi/cntlcnnn    //»••//',   the    I/ 

Myooaarma  vini,  although  the  latter  of  these  is  said  bv  De  S  \  n.  i  t..  arrest 
the  growth  of  the  acetic  lennent  proper.  Han-en  also  mentions  a  second 
ferment  as  found  at  times  in  beer  alon-  \\ith  the  .}fycoderma9  or,  a*  it  i- 
often  termed  now,  JZach rinm  d<->ti,  to  \\hich  he  -i\c-  the  name  BacternH* 
Pasteurianum. 

The  acetic  ferment,  as  before  -tated  faee  p.  17»'.'.  develop^  not  1»\  tin- 
budding  process  characteristic  of  the  \<a-t  lJ-rment,  but  1>\  -plittin^  «»r  ti»iin- 
of  the  elongated  cell.  When  these  germs,  which  originally  dmp  from  tin- 
air,  like  the  yeast-cells,  into  the  fermenting  or  sugary  liquids  find  a  li.piid 
specially  suited  for  their  growth,  as,  for  example,  a  mixture  of  wine  and 
vinegar,  they  develop  rapidly  over  the  surface  of  the  liquid,  when  they  have 
the  necessary  oxygen  supplv,  and  form  a  gelatinon>  skin,  which  thickens 
and  falls  to  the  bottom  of  the  vessel  Ix'ou-e  (,f  its  inen-a-  jht.  An- 

other skin  forms  at  once  again,  and  this   in   turn    is  replac«-d   by  a  third, 
and  so  on  until  the  liquid  is  completely  exhausted  of  assimilable  ma 
This  skin,  called  the  "  mother  of  vinegar,"  consists  of  a  multitude  of  these 
minute  fissure  ferments. 

I.  Raw  Materials. 

Only  such  materials  will  be  considered  here  as  give  rise  to  a  vinegar  by 

the  normal  acetic  fermentation.  The  manufacture  of  acetic  acid  ana  tech- 
nically  important  acetates  will  be  sjM.kni  of  later  under  pyroligneous  acid 
M  derived  from  the  destructive  di-t illation  of  wood. 

The  materials  referred  to  as  lurnisliin^  \  in,  jar  under  the  influence  of 
the  acetic  fermentation  are.  first,  wine;  -ee«,nd.  -pirit-  ;  third,  malt-wort  or 
beer ;  fourth,  fermented  fruit  jui<vs  other  than  wine  ;  and,  fifth.  -iiLr:ir-beet8. 

The  wines  used  are  lx>th  red  and  white  wines,  and  are  such  as  are  of  in- 
ferior vintages,  and  considered  unfit  for  drinking  as  wine.  Such  wines  are 
gathered  together  from  all  sections  and  are  made  into  vinegar  largely  in 
France  at  Orleans  and  at  Paris.  The  wines  do  not  exceed  ten  per  cent 
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alcoholic  strength.  Wines  about  a  year  old  are  the  best  for  vinegar-making, 
as  the  new  wines  are  prone  to  undergo  putrid  or  ropy  fermentation,  and 
older  wines  do  not  contain  sufficient  extractive  matter. 

The  spirits  used  are  chiefly  the  potato  brandy  of  Germany  and  whiskey 
in  this  country,  the  vinegar  in  either  case  being  made  by  the  "  quick  vin- 
egar" process.  These  spirits,  when  used  for  vinegar-making,  are  so  diluted 
with  water  and  vinegar  already  formed  that  the  alcoholic  strength  ranges 
between  three  and  ten  per  cent. 

The  malt-wort  used  for  vinegar-making  is  exactly  like  that  prepared  for 
grain  spirit  manufacture,  unmalted  grain  and  malt  being  used  admixed,  and 
the  alcoholic  fermentation  being  pushed  so  as  to  produce  the  maximum 
amount  of  alcohol  from  the  converted  starch  of  the  grain.  When  the  alco- 
holic fermentation  is  completed  it  is  allowed  to  stand  for  some  days  in  the 
fining-vats,  where  all  dead  yeast  and  cloudiness  subside,  and  it  is  then  made 
to  pass  through  a  filter-bed  of  wood-chips  into  the  acetifier.  The  unmalted 

frain  used  in  the  preparation  of  the  wort  must  be  thoroughly  dried  in  a 
iln  previous  to  crushing  in  order  that  many  of  the  glutinous  and  albumi- 
noid matters  may  be  destroyed.  These  would  otherwise  interfere  with  the 
keeping  qualities  of  the  vinegar.  Sour  ale  or  beer  is  said  not  to  yield  good 
vinegar,  but  a  product  very  liable  to  undergo  putrid  fermentation,  a  very 
disagreeable  smell  being  imparted  to  the  vinegar  in  consequence. 

Cider  from  apples  and  Perry  from  pears  are  about  the  only  fruit  juices 
besides  wine  fermented  for  the  production  of  vinegar.  Cider  from  good, 
sweet,  and  ripe  apples  serves  for  the  manufacture  of  cider  vinegar  in  this 
country.  The  cider  is  the  product  of  a  spontaneous  alcoholic  fermentation 
of  the  apple  juice,  and  the  vinegar  formation  is  merely  a  continuation  of 
this  spontaneous  change.  Perry  vinegar  is  made  to  some  extent  in  Eng- 
land, and  a  vinegar  from  crab-apples  in  Wales. 

Sugar-beets  are  used  somewhat  in  France  for  vinegar-making.  The 
beets  are  rasped  to  a  fine  pulp  and  pressed.  The  juice  is  diluted  with  water 
and  boiled.  After  cooling,  yeast  is  added  and  the  alcoholic  fermentation 
developed,  and  this  product  mixed  with  vinegar  and  treated  as  the  other 
alcoholic  liquids  before  mentioned  for  the  development  of  the  acetic  fermen- 
tation. 

Artificial  glucose,  cane-sugar,  and  molasses  have  also  been  used  in  Eng- 
land for  the  production  of  vinegars  which  are  used  to  adulterate  malt 
vinegar. 

n.   Processes  of  Manufacture. 

1.  THE  ORLEANS  PROCESS. — This  is  the  process  by  which  wine  vinegar 
is  made  in  France  and  Germany,  and  is  the  oldest  in  practical  use  of  the 
several  methods  now  employed.  The  wine  which  is  to  be  acetified  is  allowed 
to  stand  for  a  time  over  wine-lees,  and  then  clarified  by  being  passed  through 
vats  containing  beech-shavings.  The  oaken  acetifying  vessels,  holding  from 
fifty  to  one  hundred  gallons,  and  known  as  "  mother-casks,"  are  first  steamed 
out  and  then  soured  with  boiling  vinegar,  which  is  made  to  fill  one-third 
of  the  cask.  The  wine  is  now  added  in  instalments  of  ten  litres  every  eight 
days  until  the  cask  has  become  more  than  half- full,  when  one-third  of  its 
contents  are  siphoned  off  into  storage-vats  and  the  periodical  addition  of 
wine  continued  as  before.  The  "  mother-casks,"  or  acetifiers,  can  be  used 
in  this  way  continuously  for  years  until  the  sediment  of  yeast,  argols,  and 
impurities  makes  it  necessary  to  give  them  a  thorough  cleaning.  The  vin- 
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egar  obtained  in  this  way  ha-  a  \«  ry  agreeable  aroma,  tlmt  made  from  white 
wines  being  m«-t  .-teemed.  When  tin-  \\in.-  empluVMl  in  the  Orleans 
process  are  too  weak  it  uften  happen-  that  the  vinegar  is  ropy  and  wanting 
in  transparency.  In  >ueh  ea-e  it  IUUM  un«l.  -rgo  the  firing  process.  The 
progress  of  the  aeetilieatiun  i-  judged  ,,f  l.y  plunging  in  a  rtxl  ami  examin- 
ing the  truth  npun  it  \\hen  \\ithdra\\u.  Thi-  -huuld  I*-  \\hit.-  and  <••  .piuii.-. 
The  temperature  that  is  funud  t«.  answer  lx>t  i-  Utween  24°  and  26.6°  C. 
(7:.  and  80°  F.) 

Hengstenberg  has  proposed  a  iiiu<liiieat!<>n  <>t'  tin-  Orleans  prooees, 
whereby  a  series  of  the  ••  m<»th« •!•-« -a-L-"  an-  «'.mnM-tMl  tuLr«-tl».-r  at  the  base 
l.y  shurt  pieees  of  jrlass  tiil.in-.  Aft.-r  the  ae,-titi.-at i.-n  ,,t'  th.  tir-t  a«i«liti«.n 
of  wine  in  caeli  cask  tin-  new  \\ine  i-  a«M«<l  unly  to  the  tir>t  i-a-k.  intu  which 
it  runs  slowly,  while  from  the  la-t  «-.isk  <>f  the  series,  by  means  of  a  niphon- 
tube  fixed  in  the  side,  the  e\e«>s  tlow>utl'a.-  lini-liMl  viiii-_Lrar.  Tin-  increase 
of  yield  by  this  modification  is,  hu\\e\«  r,  unl\  -li'jht. 

2.  THE  QUICK-VINEGAR  PROCESS. — This  process  was  fir- 1  intn-luced 
by  Schutzenbach  in  IS'J:;,  and  ha-  hern  e.,n-ideral.ly  inijn-uv.-«l  -incv.  It 
is  used  exclusively  in  the  case  of  spirit  vinegar  in  Germany  and  in  this 
country,  and,  with  slight  modifications,  in  Kngland  for  malt  vine-jar.  The 
vinegar-formers  are  upright  ca>ks  from  H\  t«.  t  \\ei\-e  ti ,  t  in  h.  i-lit  and 
three  to  five  feet  in  diam- 
eter. About  a  foot  above 
the  true  bottom  of  the 
cask  it  has  a  false  bottom 
perforated  like  a  sieve. 
Upon  this  beech-wood 
shavings  are  heaped,  ex- 
tending nearly  to  the  top 
of  the  cask.  Between 
the  true  and  false  bot- 
toms and  just  under  the 
latter  a  series  of  holes  is 
bored  in  the  cask  in  a 
direction  slanting  down- 
ward and  extending 
around  the  entire  cask. 
The  beech-shavings  are 
first  boiled  in  water  and 
dried.  They  are  then 
soured  or  soaked  in  warm 
vinegar  for  twenty-four 
hours,  filled  into  place 
and  covered  by  a  wooden 
disk  perforated  by  fine 
holes  iii  which  pack- 
thread is  lou^-ly  tilled. 
This  disk  also  is  jH-rfo- 
rated  by  four  larger  glass 

tubes  open  at  both  ends,  which  serve  a-  air-vents.  The  cask  is  then  closed 
on  top  by  a  wooden  cover  with  a  single  hole  in  the  centre,  through  which  the 
aleuhulic-  liquid  is  to  be  poured  and  from  which  air  may  escape.  Tin-  entire 
arrangement  mav  be  under.Muud  frum  Fi::.  7  1.  During  the  oxidatiun  uf  the 
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FIG.  75. 


alcoholic  liquid  considerable  heat  is  developed,  and  a  current  of  air  is  thus 
made  to  enter  through  the  circle  of  holes  under  the  false  bottom  and  rise 
through  the  wet  shavings,  escaping  through  the  opening  at  the  top.  The 
diluted  spirits  or  mixture  to  be  acetified  are  poured  into  the  top  of  each  vat, 
and  as  they  flow  off,  by  the  aid  of  a  siphon  arrangement  from  the  base  they 
are  introduced  into  the  top  of  the  second  vat.  If  not  over  four  per  cent, 
of  alcohol  were  contained  in  the  original  liquid,  that  drawn  oif  from  the 
second  vat  will  be  converted  into  good  vinegar.  The  temperature  of  the 
vinegar- forming  casks  should  be  about  35°  C.  (95°  F.).  Above  this  there 
is  too  much  loss  of  alcohol  and  aldehyde  by  evaporation ;  below  it,  the 
oxidation  goes  too  slowly.  If  the  minute  organisms  known  as  "  vinegar 
eels"  show  themselves,  hot  vinegar  is  poured  in  on  top  until  it  shows  a 
temperature  of  50°  C.  (122°  F.)  on  running  off,  which  kills  them. 

Whiskey,  brandy,  and  grain  spirit  properly  diluted  are  all  acetified  by 
the  aid  of  this  quick-vinegar  process.  To  these  diluted  spirits  a  small 
amount  of  malt  infusion  is  generally  added  to  furnish  nutritive  matter  for 
the  development  of  the  acetic  ferment,  which  in  this  process  as  in  the  pre- 
ceding is  the  agency  whereby  the  atmospheric  oxidation  becomes  effective  in 
changing  alcohol  into  acetic  acid. 

3.  MANUFACTURE  OF  MALT  VINEGAR. — This  is  effected  by  a  process 
much  resembling  the  quick-vinegar  process.     The  acetifiers  are,  however, 
much  larger,  holding  from  eight  thousand  to  ten  thousand  gallons.     Their 
construction  is  shown  in  Fig.  75.     Bundles  of  birch-twigs,  B,  are  sup- 
ported upon   a   perforated   bottom, 
from  which  the  liquid  trickles  in  fine 
streams.     The  malt-wort  fed  in  be- 
low is  warmed  by  a  closed  steam- 
coil  of  block-tin,  and  pumped  to  the 
top  of  the  casks,  where  it  is  sparged, 
or  sprinkled,  in  fine  streams  over 
the  birch-twigs,  and  the  process  re- 
peated until  the  vinegar  shows  the 
requisite    strength.      These    birch- 
twigs   have   been   previously   freed 
from  all  juice  and  coloring  matter 
by  repeated  boiling  with  water,  and 
are  soured  before  starting  the  spar- 
ging.    The  entire  process  of  making 
malt  vinegar    requires    about   two 

months.  The  temperature  at  the  beginning  of  the  process  is  about  43°  C. 
(110°  F.),  and  later  is  kept  at  38°  C.  (100°  F.). 

4.  THE  MANUFACTURE  OF  CIDER  VINEGAR. — As  before  stated,  this 
is  largely  a  spontaneous  fermentation.     The  fresh  cider  is  allowed  to  fer- 
ment in  barrels  having  the  bung-hole  open,  which  are  exposed  to  the  sun 
or  placed  in  a  warm  cellar.     The  acetification  is  often  made  a  progressive 
change  by  adding  fresh  quantities  of  cider  to  the  barrel  every  few  weeks ; 
the  addition  of  "  mother  of  vinegar"  also  is  made  to  accelerate  the  change. 

5.  PASTEUR'S  PROCESS  FOR  VINEGAR-MAKING  BY  DIRECT  USE  OF 
THE  VINEGAR  FUNGUS. — Pasteur  takes  an  aqueous  liquid  containing  two 
per  cent,  of  alcohol  and  one  per  cent,  of  vinegar  and  small  amounts  of  phos- 
phates of  potassium,  magnesium,  and  lime,  and  in  this  propagates  the  acetic 
ferment  (Mycoderma  aceti).     The  plant  soon  spreads  out  and  covers  the 
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whole  surface  of  the  liquid,  at  tin-  *ime  time  a-  the  alcohol.      When 

one-hull'  of  the  alcohol  ha-  IM-.-H  <  lianged  small  .jiiantities  of  \\  in.-  Of  al«  <>hol 
mixed  with  beer  are  add*  .1  dail\  until  tin-  ac«  titi.-ati.  >n  -liickeoft,  win  n  tin 
vinegar  is  drawn  oil'  and  the  ••  mother  of'  viin-uiir"  colhi  i  aid 

n.-ed  again  with  a  fre>hly-pivpan-d    mixture.      \V|,, 

the  addition  of  the  pho-phate  .-alt-  as  food  for  the  plant    U  nun-  mil 

wlieu    pure    alcohol    is   used    tin  -y   an-    needed.       Vinegur    p 
process  is  said  to  possess  UieagrtH-a  I  »le  a  ro  n  ia  of  um.-  vm.jai. 

m.  Products. 

HYm-  \'iin-f/tir  varies  in  color  from  light  v«  llowi-h  to  ml,  accord 
has  l>een  derived   from  white  or  red  \\ine-,  that    from  the    former   l«m-    tin 
most  highly  e.-tcemed.      The  vinegar  from  red  \\  in*  •-.  howl  \-  i  .  «iin  be  O€'<-«'1- 


ori/ed  hv  filtration  thmu^h  pui-ilied  lM.m-l.laek.      SkininiMl  milk  i-akotised 
fur  the  same   purjx)se.      When    thur..nn|d\   a-jitat«il   \\ith   the  vinegar    tli«- 
easeiu  coagulates  and   earrie-  d<.\vn  \\ith   it   the  greater  part  of  the  «.  loping 
matter  of   the  vinegar,  besides  elarifvin-   it.      It   i-  not   n-^1.  houever,  ao 
much  as  the  filtration  through  ehareoal.     Wine  vim-gar  ha-  a  .-jMi-itie  gra 
1.014  to  1.022,  and  contain-   from  >i\  to  nine    per  cent,  (rarely  t\\el\e)ot' 
absolute  acetic  acid.      AVlieii  freshly  made,  it  contain-  tnoei  "t  aleohol  and 
aldehyde.     The  amount  of  acid  potentum  tart  rate  (tartar)  (tuitaincd  in  wine 
vinegar  averages  .25  per  cent.      It.-  preaeBOe  is  jx-<-nliar  tu  tin-  \ariep. 
vinegar. 

Malt  and  Beer  Vinegars  have  a  higher  specific  gravity  (l.O'.M  t«.  1  .< 
and  contain  dissolved  dextrin,  maltose,  soluble  albuminoid-,  and  >imilar  - 
stituents  of  the  malt  extract.      This  kind  uf  vinegar  on  .  \  a  p.  -ration  l.avt*m 
glutinous  residue  only  sparingly  soluble  in  alcohol.      It  contains  from  three 
to  six  per  cent,  of  acetic  acid. 

Spirit  Vim-f/tir  is  colorless  as  produced,  but  is  fnijuently  colored  \\ith 
caramel-color  to  imitate  the  appearance  of  wine  or  cider  vinegar.  It  e,,n- 
tains  from  three  to  eight  per  cent,  of  acetic  acid,  although  the  -o-i-alled 
"vinegar  essence"  (double  vine^-ai  )  may  contain  a.-  much  as  foun  nt. 

Cider  Vinegar  is  yellowish-brown,  has  an  odor  of  apples,  a  d- 
1.013  to  1.015,  and  contains  from  three  and  a  half  to  -i\  per  cent,  of  a 
acid.     It  is  distinguished  i  rum  the  other  vai-ietie-  by  yielding  mi  -ion 

a  mucilaginous  extract  -melling  and  ta.-ting  of  bak.-d  appl- 
malic  acid,  which  replaces  the  tartaric  acid  of  the  \\ine  vinegar,     Th«  ditler- 
ences  between  cider  vinegar  and  whiskey  vinegar  as  manufactured  in  thi> 
country  are  shown  in  the  accompanying  analy.-e-  b\    Uatter-hall  :* 

Cider  vinegar.  WhUkey  vinegar. 

Specific  gravity  .........  1.0168 

Specific  gravity  of    the    distillate 

from  neutralized  sample  .    .    .    .  0.9986  ftJWI 

Acetic  acid  ...........  4.M 

Total  solids  ...........  2.70  OJI 

Total  ash     ...........  0.20  O.OW 

I'.'ta-aan.l  ph.  -phonic  :i.-i«l  in  si-h  .  ^idorablo. 

Heated  with  Felilint^'.s  solution  .    .      Copious  n-du 

Treated  with  basic  lead  acetate  .    .  Fl«ivul«-nt  pni-ipitate.        No  precipiUte. 

Glucose,   or  Stit/ar,     1  ,    preparetl    from   ditl'erent    saoharmc  and 

amylaceous  materials  by  conversion  with  dilute  acid,  followed  by  fermenta- 

*  Food  Adulteration  and  Detection,  New  York,  1887,  p.  280. 
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tion  and  acetification,  contains  dextrose,  dextrin,  and  often  calcium  sulphate 
(from  commercial  glucose).  It  is  said  to  be  employed  in  France  and  Eng- 
land for  adulterating  wine  or  malt  vinegars. 

Factitious  Vinegars  are  often  made  from  pyroligneous  acid  flavored  with 
acetic  ether  and  colored  with  caramel-color.  Such  a  product  differs  from 
malt  vinegar  in  containing  no  phosphates,  and  from  wine  or  cider  vinegar 
in  the  absence  of  tartaric  or  malic  acids  respectively. 

IV.  Analytical  Tests  and  Methods. 

The  determination  of  the  acetic  acid  is  usually  done  by  titration  with 
standard  alkali,  using  phenolphthalem  as  indicator.  In  the  presence  of 
free  sulphuric  acid,  it  is  necessary  to  distil  a  measured  quantity  of  the  sam- 
ple almost  to  dryness  and  titrate  the  distillate,  it  being  assumed  that  eighty 
per  cent,  of  the  total  acetic  acid  present  passes  over. 

The  determination  of  the  extract  or  solid  residue  in  vinegar  is  executed 
in  the  same  manner  as  described  under  beer  or  wine. 

The  test  for  sulphuric  acid  is  an  important  one.  In  England,  the  manu- 
facturers were  allowed  by  law  to  add  one  part  of  sulphuric  acid  by  volume 
to  one  thousand  of  vinegar  in  order  to  protect  weak  vinegar  from  the  putrid 
fermentation.  This  addition  is  not  necessary  in  good  vinegar  and  is  not 
generally  followed  at  present.  Still,  it  may  be  present,  and  is  to  be  looked 
for  in  all  vinegars.  The  usual  test  with  basic  chloride  is  inoperative  here, 
as  sulphates  may  be  present  in  the  vinegar  from  the  water  used,  etc.  Heh- 
ner's  test  for  free  mineral  acids  (sulphuric  and  hydrochloric),  now  regarded 
as  satisfactory  in  this  case,  is  based  on  the  fact  that  acetates  and  most  other 
salts  of  organic  acids  are  decomposed  by  ignition  into  carbonates,  having 
an  alkaline  reaction  to  litmus,  while  sulphates  and  chlorides  of  the  light 
metals  are  unchanged  on  ignition  and  possess  a  neutral  reaction.  To  de- 
termine the  amount  of  free  mineral  acid  it  is  sufficient  therefore  to  care- 
fully neutralize  the  vinegar  with  standard  solution  of  soda  before  evapora- 
tion to  dryness  (the  same  process  serving  for  a  determination  of  the  total 
free  acid),  ignite  the  residue,  and  titrate  the  aqueous  solution  of  the  ash  with 
standard  acid.  If  the  free  acid  originally  present  were  wholly  organic,  the 
ash  will  contain  an  equivalent  amount  of  alkaline  carbonate,  which  will  re- 
quire an  amount  of  standard  acid  for  its  neutralization  exactly  equivalent  to 
the  amount  of  standard  alkali  originally  added  to  the  vinegar.  Any  defi- 
ciency in  the  amount  of  standard  acid  required  for  neutralization  is  due  to 
the  free  mineral  acid  originally  present  in  the  vinegar. 

The  tartaric  acid,  a  normal  constituent  of  wine  vinegar,  may  be  tested 
for  by  evaporating  to  dryness  and  treating  the  extract  with  alcohol,  which 
dissolves  nearly  everything  but  the  tartar  or  acid  potassium  tartrate.  On 
pouring  off  the  alcohol  and  dissolving  this  in  a  little  hot  water  its  nature 
can  be  easily  shown  by  the  usual  tests  for  tartaric  acid. 

Caramel  is  recognized  by  extracting  the  solid  residue  with  alcohol  and 
evaporating  the  solution  to  dryness ;  in  its  presence  the  residue  now  obtained 
will  possess  a  decidedly  dark  color  and  a  bitter  taste. 

Metallic  impurities,  such  as  lead,  copper,  and  zinc,  are  at  times  to  be 
found  arising  from  the  use  of  metallic  vessels  for  storing  the  vinegar. 
Arsenic  has  also  been  found  as  an  impurity  through  the  use  of  impure  sul- 
phuric or  hydrochloric  acid.  They  are  all  detected  by  the  usual  qualitative 
tests. 
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1881.—  Die  Bereitung  und  Behandling  d<*  Maizes,  F   .1    N\  '••Iff. 

Malting  and  Brewing,  Jas.  St«-«  •!«  •.  Li.n.l..n  und  New  York. 
1882.—  Preparation  of  Malt  and  Fabrication  of  lkK?r,  Thau«ing,  edited  by  Schwarm  and 

Bauer,  Philadelphia  and  L..i..l-.n. 

1884.—  Handbuch  der  Bicrl.raiK-rei,  L.  v..n  Wa-riu-r.  «t,.  Auf.,  2  Bde.,  Braunschweig. 
1885.—  Laboratory  Text-Book  f..r  Hivw.-ts.  L.  Briant.  L- 

Systematic  Book  of  Prartical  I'.r.  \\in-,  K.  K   Southbji  2ded.,  London. 
1886.—  Die  Malz-Fabrikaticn,  K.  Weber. 

1887.—  Praktisches  Hand-  und  Hilfshuch  fur  Bierbrauer,  P.-l/.  und  Hal-ich,  Braunachweig. 
1888.—  The  Theory  and  Practice  of  Modern  Bn-win-r,  K.  Faulkner,  2d  ed.,  London. 
1890.—  Grundriss  der  Chemi«-  fur  Brau.-r  und  Mal/.rr,  T.  LMMT,  2te  Auf. 
1891.—  Handbuch  der  Bierbrauen-i,  K.  Khrk-h,  5te  Auf.,  Hull.-. 

ON   WINK. 

I860.—  History  and  Description  of  Modern  Wines,  C.  Redding,  London. 
1865.—  Der  Weinbau  und  die  Weinbereitungskunde,  F.  Mohr,  Braunschweig. 

Die  Bereituns,'  des  Weines,  C.  J.  N.  Balling,  Prag. 
1872.—  Treatise  on  the  Origin,  Nature,  and  Varieties  of  Wine,  Thudichura  and  Dupri, 

London. 

1873.—  Etudes  sur  le  Vin,  ses  Maladies,  etc.,  M.  Pasteur,  2me  M.,  Park. 
1874.—  Traite  du  Travail  des  Vins.  Ma.u...  n-  .  2me  «.,  Paris. 
1877.—  Die  Weinbrr-itunir  und  di.-  Wfin.-h.-mi.-,  K  !  lieiie. 

1878.—  Die  Behandlung  des  Weines,  J.  Nessler,  8te  Auf.,  Stuttgart. 

Die  Weinbereitung,  H.  Dahlen,  Braunschw. 

Der  Wein  und  sein  Wesen,  J.  Bersoh,  Vienna. 
1879._Die  Bereitunir  dos  Schaumw-  \     -,,n  Rogner,  Vienna. 

Ueber  die  Chemie  des  Weines,  C.  Neubauer,  Wiesbaden. 

Manuel  pratique  d'Analyse  chiraique  des  Vins,  etc.,  Sine  «.,  E.  Robinet,  Pan*. 
1881.—  Handbuch  des  Weinbaues,  etc,,  A.  von  Baho,  2  Bde. 
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1884.  —  Die  Weinanalyse,  Max  Barth,  Leipzig. 

Anleitung  zur  ehemischon  Analyse  des  Weines,  Eug.  Borgmann,  Wiesbaden. 
La  Sophistication  des  Vins,  A.  Gautier,  3rne  ed.,  Paris. 

1888.  —  Die  Praxis  der  Weinbereitung,  J.  Burtsch. 
1889.—  Manuel  de  1'analyse  des  Vins,  E.  Barillot,  Paris. 

ON   SPIRITS   AND    DISTILLED    LIQUORS. 

1868.—  Guide  theorique  et  pratique  du  Fabricant  d'Alcools,  etc.,  N.  Basset,  3  vols.,  Paris. 
1872.—  The  Chemical  Testing  of  Wines  and  Spirits,  J.  J.  Griffin,  London. 

1875.  —  Chemical  Examination  of  Alcoholic  Liquors,  A.  B.  Prescott,  New  York. 

1876.  —  Die  Branntweinbrennerei,  C.  Stammer,  Braunschweig. 

1879.  —  Handbuch  der  Spiritus-Fabrikation,  M.  Maercker,  3te  Auf.,  Berlin. 

Treatise   on  the    Manufacture  of  Alcoholic   Liquors,   P.  Duplais,  trans,    by  M. 
McKennie,  Philadelphia. 

1881.  —  Die  Liqueur-Fabrication,  A.  Gaber,  3te  Auf.,  Leipzig. 

1882.  —  Traite  de  la  Fabrikation  des  Liqueurs  et  de  la  Distillation,  P.  Duplais,  4me  ed., 

Paris. 

1885.  —  Practical  Treatise  on  the  Distillation,  etc.,  of  Alcohol,  Wm.  T.  Brannt,  Philadel- 

phia. 

1886.  —  Die  Fabrikation  von  Rum,  Arrak,  Cognac,  etc.,  A.  Gaber,  Leipzig. 

1889.  —  Ueber  Branntwein,  seine  Darstellung,  etc.,  Eugen  Sell,  Berlin. 
1890.—  The  Practical  Distiller,  L.  Monzert. 

Ueber  Cognac,  Rum  und  Arrak,  etc.,  Dr.  Eugen  Sell,  Berlin. 

ON    MANUFACTURE   OF    VINEGAR. 

I860.—  The  Manufacture  of  Vinegar,  Chas.  M.  Wetherill,  Philadelphia. 

1867.  —  Die  Essig,  Zucker  und  Starkefabrikation,  F.  J.  Otto,  Braunschweig. 

1868.  —  Etudes  sur  le  Vinaigre,  M.  Pasteur,  Paris. 

1871.  —  Manufacture  of  Vinegar,  H.  Dussauce,  Philadelphia  and  London. 
1876.  —  Lehrbuch  der  Essigfabrikation,  P.  Bronner,  Braunschweig. 
1877.—  Die  Essigfabrikation,  J.  C.  Leuchs,  7te  Auf. 
1881.—  Die  Essigfabrikation,  J.  Bersch,  Vienna. 

1885.  —  Acetic  Acid  and  Vinegar,  John  Gardner,  Philadelphia. 

1890.  —  Vinegar:  a  Treatise  on  the  Manufacture  of  Vinegar,  etc.,  Wm.  T.  Brannt,  Phila- 

delphia. 

ON   FLOUR   AND    BREAD. 

1871.  —  Die  Getreidearten  und  das  Brod,  Von  Bibra,  Niirnberg. 
1878.  —  Das  Brodbacken,  K.  Birnbaum,  Braunschweig. 

1880.  —  The  Chemistry  of  Bread-Making  (Lectures  before  Society  of  Arts),  Chas.  Graham, 

London. 

1881.  —  Bread  Analysis,  Wanklyn  and  Cooper,  London. 

1886.  —  United  States  Department  of  Agriculture,  Bulletins  Nos.  1,  4,  9  (American  Cere- 

als), C.  Richardson,  Washington. 

The  Chemistry  of  Wheat,  Flour,  and  Bread,  W.  Jago,  Brighton. 
1889.—  Handbuch  der  Presshefe-Fabrikation,  Otto  Durst,  Berlin. 

United   States   Department  of  Agriculture,   Bulletin   No.   13,   Part  v.    (Baking- 

Powders),  C.  A.  Crampton,  Washington. 
1890.  —  Presshefe,  Kunsthefe  und  Backpulver/A.  Wilfert,  2te  Auf.,  Vienna. 

STATISTICS. 

I.     CONSUMPTION    OF    MALT    LIQUORS,  WINES,    AND    SPIRITS    IN   THE    UNITED   STATES. 

Malt  liquors  of  Imported  malt  m^i  _nll.  i  ,•„„„-- 

domestic  manufacture.  liquors.  Total  malt  "«*<*"• 

Gallons.  Gallons.                         Gallons. 

1885  .....    ......    594,063,095  2,068,771                 596,131,866 

1886  ...........    640,746,288  2.221,432                642,967,720 

1887  .....    ......    715,446,038  2,302,816                717.748,854 

1888  ...........    765,086,789  2,500,267                767,587,056 


^ported  wines.  Total  wines. 

Gallons.                        Gallons.  Gallons. 

1885  ...........   17,404,698       4,495,759  21,900,457 

1886  ...........   17,366,393       4,700,827  22,067,220 

1887  ...........   27,706,771       4,618,290  32,325,061 

1888  ...........   31,680,523       4,654,545  36,335,068 


Hir.UOGRAI'HY    AND  STATISTICS.  j;» 

Domestic  spirit*.    Imported  spirit*.       Total  spirita,         T°Jj}  jjjjjjjf  ** 

1885 wVj!;-  6tM3T«15 

I  no-j.v,  787,206,654 

i*s< »;•..,:,•..:,«::.;  71  084,781 

..-»...  870,787,476 

II.     PRODUCTION    OF    FERMENTED     LIQUORM     IX     TIIK    UNITED     BTATEtf     IN     BARREL*    OF 

HIIRTY-ONK   Q 


Barrel*. 

1886 10.1 

l"s'j 20,7H».-..::.:      !-• 

1^7 


Production  of  DM  /     ted  StaUt  in  Gallon*. 


1881 


(mil. 

7»;.4o:»,o74 

1886 .    81,840,260      1889    .  .    .    01,188,660 

79,438,446 

fir,! in  nf  (l!    A                    /  /       ,*nfof  and  DittUUd for  Spirit 

M'ilt.               WhrHt.           Harler.  l;\                         QOfl                   Oato. 

BMMHL           BuMu-U.        liuv  Hu-hel*.              Bu»heU.             r          ^ 

1888     .    .                                                        !  2,410,381         11,887,027        44,283 

JJlJJll         ^  J7'J        21,589  I         15,819,862        28,689 


M 1 1 1  -feed.  Total  grain  fermented. 

HII-! 


-    .!   •   I  -I 

1889 78,589  *0,000,OM  :.104 

III.  a.     PRODUCTION   AND  USE  OF   BEKR   IN   GERMANY    AND   LUXEMBURG. 

Amount  produced,     liup-rt.  Export.         Total  consumed.  Per mplta, 

H«Ttolitr»-s.          H«M-t.ilJtn-!i.         H,-rt..lnr.v  M  Litre*. 

1884-85 4.  119,4  •        41.2»j.02tJ 

1885-86 41,857,098  111,310  88 

1886-87 4o,(X>s  13A.  1 070.993        -H  M.6 

1887-88 47,094  !»•_',!__' 

1888-89 47,606,108  947,128        46,915,006          07 

III.  b.     PRODUCTION    OF    BKKK    IX    tiKF.AT    BRITAIN'    AXD    IRELAND. 

PnKlii.-tiMiiMf!M,.riii(;ivat  P.ritain  :nnl  I  ivlan.l  t-r  1  **!•  \v:i>  .<KX) 

olitns.     Tlic  pnKlnctinn  I'm-  th<-  thivr  yean  1  ^^7-M»  l»a-  IHVII,  in  l»an 

las?.  vm, 

Bari'                         Barrel*.  Barrel*. 

Knirlnn.l  iin.l  Walts \  M.641.7M  24,506,000 

s-Mtiand i.r.«>  i'.: 

Inh.n.l      2,325,567  2,275.177 

80,402,299  28,417,770  28,230,806 

IT.  0.    WINE  PRODUCTION  OF  THE   WORLD,    VINTAGE  OF   1888. 


<;»ii 

Al-'-ria 7tJ.i»7i'.7s8      P.-rtugal 

Australia  (1884)     ....        1,902,024      K..um:inia 18491,900 


Austria 92459,500 

Cape  Colony  (1884)  .    .    .        4.490,890 
689,648,844 
80,000.000 


.  ; 

Servia  .  62,884,000 

- 


ce       4«.4'.»3.!WO      Turk,  v  ami  Cyprtw  .    .    .      68,684.200 

Hun-ary 184,010,000     United  States 32,000,000 

Italy     ." 7'.»H,24-J,480  | 
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IV.  b.    WINK   PRODUCTION   OF   THE    WORLD,    VINTAGE   OF    1890. 

Area  under  cultivation.  Wine  produced. 

Hectares.  Hectolitres. 

France 1,900,000  30,000,000 

Algeria 120,000  2,500  000 

Italy 1,800,000  28,000,000 

Spain 1,750,000  25,000,000 

Austria-Hungary 600,000  10,000,000 

Roumania 150,000  5,000,000 

Germany 100,000  4,500,000 

Portugal 200,000  4,000,000 

Turkey  and  Cyprus 100,000  3,500,000 

Russia 150,000  1,500,000 

Greece 75,000  1,500,000 

United  States 45,000  1,500,000 

Chili  and  La  Plata 30,000  1,000,000 

(Allgemeine  Weinzeitung,  1890,  p.  313.) 

V.    COMPARATIVE   TABLE     OF     THE    CONSUMPTION    PER  CAPITA    OF    SPIRITS,    WINES,    AND 
MALT   LIQUORS   IN    DIFFERENT    COUNTRIES. 

1.  Distilled  Spirits. 

Great  Britain  (1887) 36,202,191  gallons  —  0.98  gallon  per  capita. 

France  (1888) 46,667,057  "  =  1.24  gallons  " 

Germany  (1887) 40,719,950  "  =  1.09       "       " 

Denmark  (1886) 8,377,496  "  =  4.23       «       " 

Sweden  (1886) 11,646,725  "  =  2.47       "       " 

Canada  (1887) 3,201,445      "  =  0.84  gallon   " 

United  States  (1887) 71,064,733  "  =  1.18  gallons  "         " 

2.  Wines. 

Great  Britain  (1887) 14,142,885  gallons  =   0.38  gallon  per  capita. 

France  (1886) 1,022,017,692      "        =26.74  gallons  « 

Germany  (no  data). 

Canada  (1887) 475,790      «        =   0.10  gallon   "         " 

United  States  (1887) 32,325,061      "       =   0.54      "       "         « 

3.  Malt  Liquors. 

United  Kingdom  (1887)     .    .    .  1,218,881,016  gallons  =  32.88  gallons  per  capita, 
France  (no  data). 

Germany  (1887) 1,165,835,044      "       =24.99       "         " 

Canada  (1887) 15,118,898      »       =    3.50       "         " 

United  States  (1887) 717,748,854      «       =  11.96      "        " 
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MILK     IN  M  -I  IIIEB. 

I.  Raw  Materials. 

MII.K    is  the  fluid  secreted    l.y   the  femal. -  ..!'  the  mammalia  f«-r  the 
Dooriahment  of  their  y.inn-j.  and  i-  then  t'<.re  a  food  specially  adapts  1  f««r 

the  need<  uf  the  animal  ur-jani-m  at  this  -ta-e,  lunii-hin^  all  th«-  nutrients 
required  and  lnrni-hinLr  them  in  thepn.p«r  pn.p.-rtiun.  As  will  Ix? 
fruin  its  analysis  it  "«-«-npies  an  interim-dial.-  p.-:ti«ni  between  the 
and  the  Mrietly  animal  !'«•.*! ...  a|»|n-n\imatinir.  "f  OOOne,  iimn-  nearly  tin- 
latter,  luit  >ho uimr  in  one  impu rtant  eon-tituent,  milk-Mipir,  its  relation* 
>hip  t«>  the  ti.rmer. 

Milk    is  a   >een'ti..n  ,»t'  the   mammary  Ldan<U,    in  \vhieli    it    i- 
] intximately  by  certain   pTOOMMS  of  ^Hflonon  t'n.m  the  l>|i»nd  and 
ately  hy  the  hn-akin^  dn\vn  of  the  gland -< -ells  them^-lve*,  MI  that   milk 
deeciibed  as  cell-matci-ial    li<|iirti.-d.      The   milk  of  all   mammalia  is 
tially  the  >ame   in    its  <'..n-titnents,  alth<.n<rh  the--  van    --m. -\\hat    in   their 
relative  j»r«.j>oi-ti(»iH. 

The  essential  constituents  of  milk  are  \\att  r.  tat.  OMl  in.  all»nm«n.  milk- 
-ii-ai-,  and  s;ilts.      The  relative  j»rn|M.rtiun  of  these  enn-titmnt>  in  the  milk 
<•!'  ditlerent  animals  may  be  seen  from  the  fnlluwini:  tal»le  of  anal 
\\ynUTim-th:* 


F*L 

Guein. 

Albu- 

Milk- 
sugar. 

Ash. 

ToUl 

•  BE 

\VB-.,  ' 

Human  milk  . 

2.90 

2.40 

0.67 

6.87 

0.16 

12.00 

wv    ,., 

Ik       

8.60 

::  -.«s 

0.77 

4.00 

0.17 

1.:  ;.: 

H  "7 

l'>  milk  

2.90 

^— 
8. 

<—  V 

s| 

0.66 

18.06 

§8Jf 

Goat's  milk 

420 

v— 

800 

^—  ' 
Ofi2 

400 

o  M 

1-J  1-, 

87.64 

Ass's  milk  . 

1  02 

1  09 

0.70 

;,  .M  > 

<•  rj 

s  H 

91.17 

Ik 

2.19 

0.42 

:,  :,(  > 

&IQ 

1  1  •_••  • 

88.80 

Sheep's  milk  . 

6.80 

6.10 

1.00 

4.20 

1.00 

s-j  1-7 

III  taking  nj)  milk  as  a  rau  mati-rial  f.»r  industrial  ntili/ati'-n.  \\«  sliall 
ret'er  t«.  ,-«,\\'-  millv  exeln-ively  unless  ntlicr\vis<>  sjMvified. 

The  fat  e\i-t-  in  the  milk  in  the  f«>rm  uf  minute  ^luhnles  snsjN-iided  in  a 
thin  li(jnid.  funning  fur  the  time  a  j,  nul-i..n  with  the  a.jneous  solu- 

tion of  the  ot lie i-  euiiMitnent-.  The  fat  KB  onntially  an  intimate  mixtnn- 
of  the  irlyeerides  of  the  fatty  aeid-,  jKilmitie.  -tearie,  ;md  ..!« -ie.  not  soluble 
in  \\ater,  and  «.t'  the  «:l\ceri^es  of  certain  soluble  volatile  fatty  acids,  such 
a>  l.ntyrie,  eapruie,  eaprylie,  and  eaprie. 

The  casein  of  milk  exisN  apparently  in  the  fresh  milk  as  a  soluble  com- 


*  Food*,  fomiH*ition  and  Anulysb,  1882,  pp.  1'. 
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pound  of  albumen  and  calcium  phosphate,  which  by  the  action  of  rennet  (a 
ferment  from  the  calf's  stomach)  is  converted  into  the  insoluble  one  known 
as  casein.  The  casein  precipitated  by  rennet  contains  five  to  eight  per  cent, 
of  ash,  consisting  almost  entirely  of  calcium  phosphate.  If,  however,  this 
calcium  phosphate  compound  of  albumen  is  decomposed  by  mineral  acids 
or  acetic  acid,  the  casein  precipitated  contains  only  traces  of  ash.  Lactic 
acid  gives  the  same  result,  so  that  the  casein  coagulated  by  the  souring  of 
the  milk  shows  less  ash  than  that  precipitated  by  rennet  from  sweet  milk. 
On  the  other  hand,  carbon  dioxide  will  act  like  rennet.  The  soluble  com- 
pound existing  in  the  fresh  milk  is  considered  to  be  that  of  the  tricalcium 
phosphate  with  albumen,  while  the  insoluble  one  precipitated  by  rennet  is 
the  acid  calcium  phosphate  with  albumen.  Pure  casein  is  a  perfectly  white 
brittle  crumbling  substance,  insoluble  in  water,  but  soluble  in  very  dilute 
acids  or  very  dilute  alkalies.  In  the  action  of  rennet  and  acids  upon  casein 
a  portion  is  apparently  altered  into  what  are  called  peptones  (lacto-protein 
or  lacto-peptone)  and  remains  dissolved  in  the  whey  of  the  milk.  The  albu- 
men (or  soluble  nitrogenous  matter)  of  milk  seems  to  be  analogous  to  the 
albumen  of  blood.  It  may  be  obtained  by  precipitation  with  basic  acetate 
of  lead  or  by  dialysis  as  a  yellowish  flaky  mass.  The  proportion  of  albumen 
in  milk  is  always,  according  to  Wynter  Blyth,  about  one-fifth  of  the  casein. 

Two  additional  nitrogenous  compounds  have  been  found  by  Blyth  to 
exist  in  small  amounts  in  milk,  to  which  the  names  gcdactine  and  lacto-ckrome 
have  been  given. 

Milk-sugar,  which  is  an  important  and  characteristic  constituent  of  the 
milk,  is  obtained  from  the  serum,  or  "  whey."  After  the  separation  of  the 
curd  has  been  effected  by  the  addition  of  rennet  the  whey  is  evaporated 
on  the  water-bath,  and  yields  the  milk-sugar  in  hard  crystals.  These 
when  purified  by  animal  charcoal  and  recrystallized  show  the  composition 
C12H.^OU  -f-  H2O.  It  is  easily  distinguished  from  other  sugars  of  the  same 
formula.  It  is  converted  by  boiling  with  dilute  acids  into  dextrose  and 
galactose,  which  latter  has  one-fifth  less  copper-reducing  power  than  dex- 
trose. It  undergoes  the  lactic  fermentation  readily  but  the  alcoholic  with 
some  difficulty. 

The  ash  of  milk  consists  essentially  of  the  phosphates  and  chlorides  of 
potassium,  sodium,  calcium,  and  magnesium,  the  salts  that  are  specially 
needed  for  the  growth  of  the  bone-material  in  the  young  nourished  by  the 
milk. 

Cow's  milk  is  a  white  or  yellowish-white  liquid,  nearly  opaque,  except 
in  very  thin  layers,  when  it  has  a  bluish  opalescent  appearance,  and  a  specific « 
gravity  of  from  1.029  to  1.039.  It  has  a  mild  sweetish  taste  and  a  slight 
but  characteristic  odor,  stronger  when  still  warm  from  the  cow.  Upon 
allowing  milk  to  remain  at  rest  for  some  time  it  undergoes  two  changes  : 
First,  a  yellowish- white  layer  forms  on  the  surface  known  as  "  cream,"  due 
to  the  rising  of  the  specifically  lighter  fat-globules  from  the  body  of  the 
liquid  where  they  were  held  back  in  emulsion  with  the  aqueous  liquid ;  and, 
second,  the  aqueous  liquid  after  a  time  undergoes  further  separation  into  a 
thick  coagulum  or  "  curd"  of  casein  and  a  thinner  liquid  or  "  whey,"  holding 
the  sugar  of  milk,  any  lactic  acid  formed  from  it,  and  the  salts  in  solution. 
Both  of  the  changes  are  of  the  greatest  importance,  as  upon  them  are  based 
the  great  milk  industries,  butter-making  and  cheese-making  respectively. 

The  rising  of  the  cream  is  largely  dependent  ordinarily  upon  two  condi- 
tions :  First,  the  temperature, — a  low  temperature  being  favorable  to  the 
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separation  ;  and,  second,  complete  freedom  I'mm  agitation.     These  conditions 

an-  nut,  however,  in<li>prn.sil»l«',  as  will  be  seen  later  (see  p.  245)  in  speaking 
of  the  use  of  ceiitriln-jal-  li.r  tin-  x-pant-t ion  of  cream. 

Tin-  rising  of  tin-  «-iv:mi  is  j^t-m -rally  allowed  to  !»••  an  ••ntin-ly  -|»ontancou8 
ehanirr  on  tin-  part  of  the  milk  and  tin-  first  one  which  it  nnd<  -r^> "-,  l>ut  in 
some  creameries  a  littlr  sour  milk  ((-..iitaiiiiii-  lactic  a«-idj  i~  add.-d  to  the 
1'iv-li  milk,  when  first  put  in  the  rivam-ri-in;:  pan-,  BO  that  the  nmlling  oi' 
the  ea-ein  may  facilitate  the  ex-ape  of  tin-  Iat-Lil"l.iil, -  and  th,-  n-in;i  ..!'  the 
ei-eam.  In  such  a  ease  what  remains  on  removal  of  the  cream  is  not  ordi- 
nary skimmed  milk,  hut  a  sour  curdled  milk.  The  second  change  men- 
tioned, that  of  curdling,  is  really  preceded  by  a  change  of  some  of  the 
milk-sugar  into  lactic  acid  (due  to  lactic  IcrinentatiMn.  \\liich  sets  in  very 
<|iiiekly  in  hot  weather  or  if  the  milk  has  n<>t  been  kept  in  <-lran  vessels). 
This  souring  of  the  milk  may  he  retarded  by  the  addition  of  a  little  <-ar- 
bonate  of  soda  or  boric  acid.  The  lactic  acid  as  soon  as  liberated  decom- 
poses the  soluble  casein  compound,  before  referred  to  (see  p.  _  1_),  and  the 
casein  is  thrown  out  or  coagulated  as  "curd."  The  separation  of  the  « -nrd 
is  aided  by  heat.  The  liquor  in  which  this  coagulated  casein  float-,  the 
serum  of  milk,  or  "  whey,"  contains  about  one-fourth  of  the  nitro^enmm 
matter  of  the  milk,  all  of  its  sugar,  and  most  of  its  mineral  matter.  The 
whey  is  "  sour  whey"  in  ease  lactic  acid  has  formed  as  the  antecedent  of  the 
coagulation,  or  "  sweet  whey"  in  case  the  casein  is  thrown  out  by  the  action 
of  rennet  without  the  formation  of  lactic  acid. 

The  composition  of  the  several  parts  into  which  the  milk  is  divided  by 
these  changes  is  thus  given  by  Fleischmann : 


Water. 

Fat. 

Casein. 

Albumen. 

Milk-sugar. 

Ash. 

Whole  milk   

s:  r,o 

3.98 

3.02 

0.40 

4.30 

0.70 

Cream  

77.30 

15.45 

3.20 

0.20 

;;.].-, 

0.70 

90.34 

1.00 

2.87 

0.45 

0.71 

Butter 

I-l  s(> 

8202 

1  97 

028 

028 

o  :,»; 

Buttermilk 

91  00 

0  80 

3  50 

0.20 

:;  x» 

070 

Curd 

:>'i  ::o 

-6  43 

"-I  '_"' 

8.68 

6.01 

1.51 

Whev  . 

94  00 

0  35 

0.40 

0.40 

4.66 

0.60 

And  the  relative  yield  of  these  several  constituents  from  one  hundred 
parts  of  milk  is  thus  given  by  the  same  author : 

100  parts  of  sweet  milk  will  yield  (by  natural  cream-raising  or  by  centrifugal 
cream-separating) 


20  parts  of  cream,  which 
(churned  into  butter) 
will  yield 
i 

—  I  — 
79.70  parts  of  gkimmed  milk,  which 
(coagulated  by  rennet  or  acids) 
wilf  yield 

0.80  parts 

loss. 

UM  parts                16.30  parts 
butter.                    buttermilk. 

7.93  parts                71  i'>  parts 
curd.                       whey. 

0.14  loss. 


0.82  loss.        0.80  loss. 


n.   Processes  of  Manufacture. 

1.  MANUFACTURE  OP  C'OXDKXSKD  AM>  PIM-^KIIVKD  MILK. — <'«»n- 
densed  milk  is  milk  from  which  a  large  portion  of  the  water  originally 
present  has  been  driven  off,  increasinir,  <>t'  emirse,  in  a  proportionate  degree 
the  percentage  of  the  other  constituents.  This  condensed  product  may  or 
may  not  have  cane-sugar  added  to  it  as  a  preservative.  That  to  be  pre- 
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served  with  cane-sugar  is  made  much  more  concentrated,  and  is  that  which 
is  manufactured  for  export  and  preservation  in  sealed  tin  cans.  In  its 
preparation,  the  milk  is  first  heated  to  65.6°  to  80°  C.  (150°  to  175°  F.)  by 
placing  the  cans  containing  the  milk  in  hot  water,  and  is  then  strained  and 
conveyed  to  the  evaporating  vessels,  which  are  usually  vacuum-pans.  Re- 
fined sugar  is  added  during  the  boiling  to  the  amount  of  one  to  one  and  a 
half  pounds  for  every  quart  of  the  condensed  milk  produced.  The  product 
is  drawn  off  into  cans,  cooled  to  about  70°  F.,  and  then  weighed  into  tins, 
which  are  at  once  soldered  down. 

Condensed  milk  free  from  cane-sugar  is  only  concentrated  to  about  one- 
half  the  degree  attained  in  the  other  product,  and  is  then  cooled  and  filled 
into  stone  or  glass  flasks  provided  with  ordinary  air-tight  stoppers.  It 
will  remain  fresh  for  from  one  to  two  weeks,  and  requires  only  to  be 
diluted  with  its  own  bulk  of  water  in  order  to  yield  the  counterpart  of  the 
original  milk. 

Preserved  milk  is  either  prepared  by  Appert's  process,  which  consists 
in  boiling  the  milk  to  destroy  ferments  and  keeping  it  then  in  hermetically- 
sealed  vessels,  or  by  Scherff's  improved  process,  whereby  the  milk  is  filled 
into  glass  bottles  which  are  stopped  with  corks  previously  steamed  and  then 
fastened  in  by  clamps,  and  then  heated  in  closed  boilers  under  a  pressure  of 
from  two  to  four  atmospheres  to  about  120°  C.  The  bottles  are  then  taken 
out  of  the  pressure-vessel  and  cooled  down,  with  the  corks  covered  with 
flannel  soaked  in  paraffine,  so  that  as  they  cool  the  air  entering  through  the 
pores  of  the  corks  shall  be  filtered.  When  cooled  down,  the  cork,  which 
has  been  drawn  into  the  neck  of  the  bottle  considerably,  is  covered  with  a 
layer  of  paraffine.  This  kind  of  preserved  milk  is  used  largely  in  Germany 
for  invalids  and  children. 

2.  OF  BUTTER. — The  first  operation  in  this  connection  is  the  separation 
as  completely  as  possible  of  the  cream  from  the  rest  of  the  milk.  This  is 
generally  a  spontaneous  process,  it  is  true,  but  its  completeness  is  dependent 
largely  upon  the  conditions  before  referred  to.  There  are  various  ways  in 
which  the  raising  of  the  cream  is  allowed  to  take  place.  We  may  mention 
the  Holstein  process,  in  which  the  fresh  milk  is  at  once  set  to  raise  cream 
in  wide  shallow  pans  at  a  temperature  of  12°  to  15°  C.  (53.6°  to  59°  F.), 
the  Dutch  process,  in  which  it  is  first  rapidly  cooled  down  in  large  vessels 
immersed  in  cold  water  to  about  15°  C.  (59°  F.)  and  then  transferred  to 
the  shallow  pans  for  the  raising  of  the  cream,  and  the  Schwartz  process, 
largely  used  in  Northern  Europe,  which  differs  from  the  Dutch  process 
chiefly  in  using  much  deeper  pans  at  a  lower  temperature,  4.4°  to  10°  C. 
(40°  to  50°  F.).  Very  similar  to  this  last  mentioned  are  the  Hardin  and 
the  Cooley  methods,  which  also  use  deep  cream-raising  pans.  In  the  former 
of  these,  ice  and  not  ice-water  is  used  to  effect  the  cooling,  the  pans  being 
exposed  to  the  influence  of  air  cooled  by  ice,  the  claim  being  made  that  the 
cream  is  obtained  in  more  solid  condition.  In  the  Cooley  method,  used 
largely  in  this  country,  the  water  not  only  surrounds  the  can  outside  as 
high  as  the  milk  inside,  but  is  made  to  rise  an  inch  or  two  above  the  lid,  so 
that  the  can  is  completely  submerged  and  all  contamination  from  external 
sources  prevented. 

The  processes  which  use  shallow  pans  give  a  larger  yield  of  cream  but 
take  a  longer  time  (thirty-six  to  forty-eight  hours  as  against  eighteen  to 
twenty-four  for  those  using  deep  pans).  Within  the  last  ten  years  the 
principle  of  the  centrifugal  has  been  applied  to  the  separation  of  the  cream 
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the  milk,  and   this  ha-  proven  itself  §o  -ii'-«-«— t'nl  that   in  meet  large 

it  i-  n..\v  ntili/cd.  The  milk  i-  |>l:t. .d  n»  a  liMi-i/niital  rotating 
vessel  driven  at  a  hi-h  r:it«-  ••!'  -p«-,d.  which  i-an.H-s  tin-  h«  a\  i«  r  milk  HuicI 
to  gravitate  tM\\anU  th«-  eiivmnt'«-ivnc,-  .,('  th<-  ve-^-l,  \\hiUt  the  cream  re- 


I,M\\ 1. 


main-  nearer  the  centre  and    11861    to\\ard-    the   npjH  r    part  «>f  the    rotating 

y-plaeed  ajM-rtnre  mi  tin 

the  vessel.  An  exit  U  al-«>  provided  t'..r  the  gradual  n-inoval  <>f  the 
-kimmed  milk,  thus  making  mum  l'..r  t'n  -h  milk  to  U-  add.  d  t«.  the  aj>- 
paratn-  and  allowin-j-  the  pr,,e.  ^  to  be  «irrie<l  mi  cniitiiiiion^ly.  FigH.  76 

and    77    -ho\\    the    Lava' 
H-parator  in  Linn-nil  view  and  in 

Bectioa     Tin  iVe-ii  milk  \*  ad- 
mitt. <1    tlinniirli    a    funnel,    the 

till"'     nf     \\hieh      j,     pl.-l.-n-.-d     -O 

as  to  deliver  the  milk   near  the 
l>MttMin   ,.t'  the   ivv«ilvinLr  drum. 
The  -kiln-milk  lln\\-  ..nt  tin          i 
an   opening,  /,    and    the 
through   a    hi-InT    openiiiLT,    tin- 
relative  position  of  \\hieh  can  IK- 
changed  by  an  adjustable 
above.     The  cn-ani  nbtain<-«l   l»y 
these  centrifugal  separat* 

77 


to  be  freer  from  mechanically-enclosed  casein  than  that  gotten  in  any  of 
the  old  separation  processes,  as  is  seen  in  the  appended  cream  analyse-  l»y 
Bell,*  where  samples  2  and  f>  were  separated  by  the  centrifugal  scparat.'i  : 


NV.tt.: 

Pat 

Milk- 
sugar. 

Aah. 

1, 

Raw  cream                                                 .    .    . 

64.02 

M  -M 

1.86 

8.76 

0.67 

? 

\\-.\\\  cream                         .            .        

60.66 

88.60 

2.48 

100 

0.41 

3 

.-,7.'.':; 

•Jilt 

4.04 

(>..,.: 

4 

58.07 

81  -'.7 

120 

:;  H 

0.51 

5 

U;i\v  rivjllll 

58  117 

:;o  71 

2.61 

8.04 

0.64 

6 

Thick  cream 

:'.7  •;•«' 

68.77 

1.46 

1.88 

0.32 

7 

Devonshire  clf)tted  cream 

:;:;  7»; 

69.79 

1.01 

4.97 

0.47 

' 

*  Analysis  and  Adulteration  of  Food,  p.  36. 
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The  composition  of  the  skimmed  milk  of  course  varies  according  to  the 
extent  to  which  the  cream  has  been  removed.  The  following  analyses  by 
Voelcker  represent  its  average  composition  as  obtained  in  the  ordinary  way 
and  as  obtained  by  the  Laval  separator : 


Water. 

Butter- 
fat. 

Casein. 

Milk- 
sugar. 

Ash. 

Ordinary  skimmed  milk     

89.25 

1.12 

3  69 

5  17 

0  78 

Skimmed  milk  by  Laval  separator  

90.82 

0.31 

3.31 

4.77 

0  79 

The  coalescence  of  the  fat-globules  separated  in  the  cream  layer  is  now 
to  be  effected  to  form  the  compact  butter.  This  is  almost  universally 
accomplished  by  mechanical  agitation  in  the  process  called  churning.  The 
churns  may  be  of  very  diverse  construction,  either  for  hand  or  power. 
The  cream  may  be  taken  as  "  sweet  cream"  freshly  separated  in  the  centrif- 
ugal or  raised  from  deep  pans  where  the  skim-milk  is  still  sweet,  or  it  may 
be  "  sour  cream,"  which  has  stood  longer  and  has  separated  slowly  in  shal- 
low pans.  The  sour  cream  is  more  easily  churned,  but  the  butter  will  con- 
tain more  casein,  while  sweet  cream  yields  a  butter  with  pleasanter  taste 
and  better  keeping  qualities  because  containing  less  casein.  The  tempera- 
ture most  favorable  for  churning  is  about  15.5°  C.  (60°  F.).  Sometimes 
cream  is  heated  to  a  much  higher  temperature  first,  and  then  cooled  down 
to  60°  F.  before  being  churned.  Butter  thus  made  keeps  well. 

Butter  has  almost  invariably  some  salt  added  to  it  even  when  for  im- 
mediate consumption ;  the  quantity  in  this  case  need  not  be  large  (five-tenths 
to  two  per  cent.),  but  when  it  is  to  be  packed  for  preservation  or  for  export 
considerably  more  is  added,  so  that  it  is  known  as  "  salt  butter."  Export 
butter  has  also  a  small  addition  of  sugar,  and  sometimes  saltpetre,  added,  as 
well  as  salt,  to  preserve  it.  Genuine  butter  will  always  have  a  yellowish 
color,  which,  however,  becomes  deeper  in  summer  when  the  cows  have  an 
abundance  of  fresh  pasture.  Most  butter  manufacturers  now  add  a  little 
vegetable  coloring  matter  like  annato,  carrot-color,  or  saifron,  to  give  the 
butter  this  desired  yellow  tint  in  winter,  when  the  butter  would  otherwise 
be  very  much  lighter  in  color.  All  butter  will  in  time  become  rancid  and 
take  a  strong  disagreeable  odor.  This  is  due  to  the  gradual  spontaneous 
decomposition  of  the  butyric  ether  under  the  influence  of  air  and  light 
whereby  free  butyric  acid  is  liberated. 

The  composition  of  butter  will  be  more  fully  spoken  of  later  on  in  dis- 
cussing the  products  of  these  industries. 

3.  OF  ARTIFICIAL  BUTTER  (Butterine,  Oleomargarine). — The  manu- 
facture of  substitutes  for  normal  dairy  butter  began  with  the  experiments 
of  the  Frenchman  Mege-Mouries  in  1870.  He  found  that  carefully- 
washed  beef-suet  furnished  a  basis  for  the  manufacture  of  an  excellent 
substitute  for  natural  butter.  The  thoroughly-washed  and  finely-chopped 
suet  was  rendered  in  a  steam-heated  tank,  taking  for  one  thousand  parts  of 
fat,  three  hundred  parts  of  water,  one  part  of  carbonate  of  potash,  and 
two  stomachs  of  pigs  or  sheep.  The  temperature  of  the  mixture  was  raised 
to  45°  C.  After  two  hours,  under  the  influence  of  the  pepsin  in  the 
stomachs,  the  membranes  are  dissolved  and  the  fat  melted  and  risen  to  the 
top  of  the  mixture.  After  adding  a  little  salt,  the  melted  fat  is  drawn  off, 


PROCESSES  OF  MANUFACTURE. 


•J17 


Stood  to  cool  so  as  t«>  allow  tin-  Mearin  an<l  palmitin  to  crystalline  nut, 
aii<l  then  pressed  in  bairs  iu  a  hydraulic  pr.--.  Fnriy  i«.  tit'1  :it.  off 

solid   Meariii    remains,   while   fifty    t..   H\I\     ;  tluid   . .1. . .|.aliiiitin 

(so-callnl  "  <»l(-omargarine>r)ii  pressed  out.  M.  -.  then  mi\«-d  tbe"oleo 
oil"  with  ten  per  cent,  of  it-  \\ri:_;lit  ..!'  milk  and  a  little  butter-,-,, l,,r  and 
churned  it.  The  fat-mttini:  pmce-  of  M- ••_•<  -M.-m  i. -  i^  -li.,\\n  in  l-'ig.  78 

;.  78. 


and  the  churning  of  the"oleo  oil"  in  Fig.  79.  Tho  pmdwt  \\a>  th« n 
worked,  salted,  and  constituted  tbe  "oleomargarine,"  or  Imttrr  sul»stitute. 
Various  improvement-  have  been  made  in  the  pn »«••><  of  M."-*',  and  it  has 
I  wen  found  that  leaf-lard  can  he  worked  in  the  same  way  as  Let-suet,  and 
will  yield  an  oleopalinitin  suitable  I'm-  ehuniinjr  up  into  a  butter  substitute. 
The  processes  now  followed  are  ^iven  substantially  a-  dcscrilx-d  by  Mr. 
Phil.  I).  Armour  in  his  testimony  hefmv  a  <  -on  unit  tee  of  Congress  :*  "  The 
fat  is  taken  from  the  cattle  in  the  proeess  of  sIauLrhterii)Lr,  and  after  thorough 
washing  is  placed  in  clean  water  and  surrounde<l  with  ice,  where  it  is  allowed 
to  remain  until  all  animal  heat  has  been  removal.  It  is  then  cut  into  Mnall 
pieces  by  machinery  and  cooked  at  a  temperature  of  about  150°  F.  c 
U.)  Until  the  lat  in  liquid  form  has  scparate«l  from  the  fibrin  «>r  tissue,  then 
settled  until  it  is  perfectly  clear.  Then  it  is  drawn  into  jrraininir-vats  and 
allowed  to  stand  for  a  day,  when  it  is  ready  ti»r  the  pn>-e<.  The  pn  —  in- 
extracts  the  stearin,  leaving  a  pmdm-t  commercially  known  a<  '  oleo  nil,' 
which  when  churned  with  cream  or  milk,  or  both,  and  with  usually  a  pin- 
portion  of  creamery  butter,  the  whole  being  properly  salted,  gives  the  new 

*  Department  of  Agriculture,  Bulletin  No.  13,  Part  i.  p.  16. 
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food  product,  oleomargarine.  In  making  butterine  we  use  '  neutral  lard/ 
which  is  made  from  selected  leaf-lard  in  a  very  similar  manner  to  oleo  oil, 
excepting  that  no  stearin  is  extracted.  This  neutral  lard  is  cured  in  salt 
brine  for  forty-eight  to  seventy  hours  at  an  ice-water  temperature.  It  is 


FIG.  79. 


then  taken  and  with  the  desired  proportion  of  oleo  oil  and  fine  butter  is 
churned  with  cream  and  milk,  producing  an  article  which  when  properly 
salted  and  packed  is  ready  for  the  market. 

"  In  both  cases  coloring  matter  is  used,  which  is  the  same  as  that  used 
by  dairymen  to  color  their  butter.  At  certain  seasons  of  the  year — viz.,  in 
cold  weather — a  small  quantity  of  sesame  oil  or  salad  oil  made  from  cotton- 
seed oil  is  used  to  soften  the  texture  of  the  product." 

It  will  be  seen  that  in  this  process  a  higher  temperature  is  used  in  render- 
ing the  fat  than  was  used  originally  by  M£ge.  He  obtained  about  fifty  per 
cent,  of  oleo  oil.  The  manufacturers  now  obtain  sixty-two  per  cent,  or 
more.  The  oleo  oil  from  beef-suet  and  the  neutral  lard  from  leaf-lard  are 
frequently  mixed,  the  proportions  varying  according  to  the  destination  of 
the  product ;  a  warm  climate  calling  for  more  "  oleo,"  a  cold  one  for  more 
"  neutral."  In  ordinary  practice  about  forty-eight  gallons  of  milk  are  used 
for  churning  with  the  oil  per  two  thousand  pounds  of  product.  Plain  oleo- 
margarine is  the  cheapest  product  made.  By  adding  to  the  material  in  the 
agitator  or  churn  more  or  less  pure  butter  what  is  known  as  butterine  is 
produced,  two  grades  of  which  are  commonly  sold, — viz.,  "  creamery  but- 
terine," containing  more,  and  "  dairy  butterine,"  containing  less,  butter. 

Large  quantities  of  oleo  oil  are  now  manufactured  and  exported  as  such 
from  the  United  States  to  Europe,  notably  to  Holland,  where  it  is  made  up 
into  oleomargarine  butter.  There  are  said  to  be  seventy  manufactories  of 
this  kind  in  Holland  which  work  up  oleo  oil  from  all  parts  of  the  world. 

4.  CHEESE-MAKING. — The  manufacture  of  cheese  depends  upon  the 
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property  possessed  by  ca.-ein  of  L-in<j  cm-died  by  acids  or  ferments.     In  the 

OaSfl  of  KMU  milk,  the  milk-Hi-ar  ha>  devdo|H-d  by  the  laetie  t'-i  mental  i.  -n 
MUM  lactic  acid,  and  thi-,  a-  before  -tat«d,  promptly  iln-..\\-  ...it  tin-  casein 
in  the  insoluble  form.  In  the  ea>e  ,,f  -\\,-.-i  milk  \\  e  usually  utvninpli.-h  the 
curdling  of  the  casein  n.»t  l.y  the  nsc  of  an  acid,  but  \\illi  a  t'.-nn.  -nt  con- 
tained in  the  preparation  .-ailed  rennet.  Thi-  i  d  In  .in  the  : 

di.  .nttin-  a 


Momaeh  of  the  call'  l.y  lir>t    dran-in-j    the  Momadi.  .nttin-  and  dr\i: 
and  then  leaving  >onie  l.rine  in  eontact  \\ith  it-  linin-j-  membrane   I'.'.i 
da\  -.       The   silt    liouid    will   thn>  acquire  very  acti\.     U  .  -o  tliat  a 

small  quantity  will  curdle  a  lar^e  cjiiantity  of  milk.      \\  e  \\ould  have  then, 
according  a>  nn«.  M|-  the  ,,;her   method    i-  followed,  a  ,-oiir-milk    • 
>wcct-milU  chee-e.     The  I'oriiicr  have  a  \et-y  niiii.,  r  \alne  ,-,  .mm.  r.-ially,  U-in^ 
ina«lc  mainly  tor  immediat.-  dom,-ti<-  consumptiail,      The  |:,n.  r  ,!:,--;, 
all    the   more  Valuable   commercial  varieii«->.      (  )|'  th- 

tat,  halt-tat  (or  medium  •,  and  lean  chrcM>.  or  ifl  they  ire  a]00  dOMMted  to 
indicate  their  ..ri^in,  cream  cheeses,  \\hole  milk  cl  nd  -kirn-milk 

cheeaea.  A-  these  last  names  mdi.  ate,  the  mat.  rial  may  dilli-r.  \\'.  may 
have,  moreover,  all  gradations  or  mixture-  of  en  am,  whole  milk,  and  >kini- 
milk  ii>«-<l  for  the  various  grades  maniil:ictnr«l. 

In   cheese-ma  kin--    tVom    s\\eet    milk,  the   milk,   \\hether   \\li.-le,   n 
with  cream,  or  skimmed,  is   heat.d  to  aU.nt  :',<»     (   .     $Q     \-\)  and  the  r.  nn.-t 
added.      It  curdles  usually  in  from  thirty  to  forty  miimt<  r  tin-  eiml 

has  formed  and  been  cut,  or  li  broken  down,"  the  h«at  i-  rai-  d  to  !>S°  F. 
(36°  C.)  to  insure  the  souring  of  the  \\hcyand  it-  i  .....  •  eompleti-  -eparation 
in  .in  the  curd.  Or  the  cnrd  produc(d  at  not  OV€T  **'*  V.  (80*  <  .  )  i-  after 
iM-iii"-  cut  collected  in  a  heap,  covered  \\ith  a  doth  t<>  pre-erve  the  h.  at,  and 
allowed  to  stand  an  hour  to  develop  the  acidity  which  >ei  v<  -  to  harden  the 
curd  and  promote  its  separation  from  the  whev.  The  cnrd  i-  now  cnt  np, 
worked  to  free  it  from  the  whey,  salted  and  pressed.  After  it  has  acquired 
sutlieient  coherence  (which  requires  from  twelve  to  fonrtmi  hours)  it  i-  taken 
from  the  press  and  placed  in  the  caring-room  to  ••  rijM-n."  This  ripening 
proecss  is  essentially  a  fermentative  one,  and  during  its  pn.orcss  the  ciml 
loses  its  insipidity  and  acquires  the  eharacteri>tic  ta-te  and  tlavor  of  cheese. 

In  this  process  of  ripening,  the  milk-sn^ar  remaining  in  the  ehe.-se  be- 
eomes  transformed  partly  into  lactic  acid  and  partly  into  alcohol  and  carbon 
dioxide.  In  some  varieties  the  carbon  dioxide  swells  up  ("  hutlV)  the  checx-- 

h-  in  th 


and  gives  it  the  porous  character  so  noticealih-  in  the  ri|»cned  <-hi»e8e. 

I-'resh  eheese  has  an  aeid  reaction,  but  this  diminishes  more  and  more  in 
the  ripening,  as  the  casein  is  gradually  altered,  soluble  albuminoids,  pep- 
tone-like bodies,  and  organic  bases  like  lendne,  tyrosine,  and  am  inc.-  U-ing 
formed. 

Some  cheeses,  especially  the  en-am  cheeses,  an-  not  prosed,  but  come  on 
the  market  as  soft  cheeses.  In  these  the  cm-dlin-  by  rennet  has  also  been 
effected  at  a  lower  temperature  than  in  the  case  of  the  hard  diee-es. 

Cheese  has  also  been  manufactured  extensively  in  this  country  from 
skimmed  milk  to  which  oleomargarine  or  "oleooil"  ha-  been  added  8O  as 
to  give  the  finished  product  the  diameter  of  a  \\liole-milk  cheese.  This 
product  is  now  (piite  supplanted,  however,  by  the  "  lard  dn-ese,"  which,  ac- 
cording toCaldwell,*  was  made  in  1882atov«r  t\\enty  tiictoHes  in  the  State 
of  New  York.  In  this  process  an  emulsion  of  lard"  is  made  by  bringing 

*  Second  Annual  Report  New  York  State  Board  of  Health,  p.  529. 
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together  in  a  "disintegrator"  lard  and  skimmed  milk  both  previously  heated 
to  140°  F.  in  steam-jacketed  tanks ;  the  "  disintegrator"  consists  of  a  cyl- 
inder revolving  within  a  cylindrical  shell :  the  surface  of  the  cylinder  is 
covered  with  fine  serrated  projections,  each  one  of  which  is  a  tooth  with  a 
sharp  point ;  as  this  cylinder  revolves  rapidly  within  its  shell  the  mixture 
of  melted  lard  and  hot  skimmed  milk  is  forced  up  into  the  narrow  inter- 
space ;  and  the  lard  becomes  very  finely  divided  and  most  intimately  mixed, 
or  "  emulsionized,"  with  the  milk.  This  emulsion  consists  of  from  two  to 
three  parts  of  milk  to  one  of  lard.  In  making  the  cheese,  a  quantity  of 
this  emulsion,  containing  about  eighty  pounds  of  lard,  is  added  to  six  thou- 
sand pounds  of  skimmed  milk  and  about  six  hundred  pounds  of  butter- 
milk in  the  cheese-vat,  and  the  lard  that  does  not  remain  incorporated  with 
the  milk  or  curd,  usually  about  ten  pounds,  is  carefully  skimmed  off.  These 
quantities  of  the  materials  yield  from  five  hundred  to  six  hundred  pounds 
of  cheese  containing  about  seventy  pounds  of  lard,  or  about  fourteen  per 
cent.  About  one-half  of  the  fat  removed  as  cream  in  the  skimming  of  the 
milk  is  thus  replaced  by  lard.  It  is  claimed  that  no  alkali  or  antiseptic  is 
used,  and  that  only  the  best  kettle-rendered  lard  can  l)e  employed,  because 
of  the  injurious  eifect  of  any  inferior  article  on  the  quality  of  the  cheese, 
and  that  before  even  this  lard  is  used  it  is  deodorized  by  blowing  steam 
under  eighty  pounds  pressure  through  it  for  an  hour.  According  to  many 
witnesses  the  imitation  is  excellent,  for  experts  have  l>een  unable  to  pick  out 
lard  cheeses  from  a  lot  of  these  and  full-cream  cheeses  of  good  quality 
together. 

m.  Products. 

1.  CONDENSED  AND  PRESERVED  MILK. — The  distinction  between  con- 
densed milk  prepared  with  the  addition  of  cane-sugar  and  that  prepared 
without  sugar  has  already  been  referred  to  in  speaking  of  the  manufacture 
of  this  class  of  products.  The  first  of  these  classes  forms  a  white  or  yellow- 
ish-white product  of  about  the  consistency  of  honey  and  ranging  in  specific 
gravity  from  1.25  to  1.41.  It  should  be  completely  soluble  in  from  four  to 
five  times  its  bulk  of  water  without  separation  of  any  flocculent  residue, 
and  then  possess  the  taste  of  perfectly  fresh  sweetened  milk. 

The  second  class  of  condensed  milk  preparations,  those  without  addition 
of  cane-sugar,  are  not  boiled  down  to  the  same  degree  and  remain  perfectly 
liquid,  and  are  put  up  therefore  in  glass  bottles  instead  of  being  sealed  in 
cans.  Analyses  of  both  classes  are  given  on  the  authority  of  Battershall.* 


Condensed  Milk  with  Addition  of  Sugar. 


BRAND. 

Water. 

Fat. 

Cane-  and 
milk-sugar. 

Casein. 

Salts. 

'Alderney                                     . 

3005 

10.08 

46.01 

12.04 

1.82 

Anglo-Swiss  (American)  .... 
Anglo-Swiss  (English)     .... 
Anglo-Swiss  (Swiss)  ...... 

29.46 
27.80 
25.51 

8.11 
8.24 
8.51 

50.41 
51.07 
53.27 

10.22 
10.80 
10.71 

1.80 
2.09 
2.00 

Eagle    

27.30 

6.60 

44.47 

10.77 

1.86 

Crown                      .        .        ... 

29.44 

9.27 

49.26 

10.11 

1.92 

*  Food  Adulteration  and  its  Detection,  p.  53. 


pRODucra 

Condensed  Mill:  irii/n,,.-  •  <///<//•. 


BRAND. 

Water. 

Fat 

Mllk-«ug»r. 

Casein. 

Salt*. 

American    .    . 

6207 

i:,  <>,; 

h;  ••: 

14  26 

2.80 

New  York  .    . 

M  71 

14  I  : 

!::  M 

1  :  1" 

••  .... 

(inumlatrd  Milk  Company     .   . 

:,:,  i  : 

1  I  i  rj 

It  M 

11    <H, 

1.;  ••<> 

•J  |  : 
•'  <>l 

•J.   liri-n.i;  AND   I '.i  i  MI:    SrBSTiTUTEs. — Commercial  butter  i-  more 
or  le<s  irranular,  and   tin-  more  per  feet  the  mntllar  •  •••ndition  tin-  lii. 
its  quality  eon>idcivd.      Special  effort    ha-  l>< ••  -u    made   in   the  ca-<-  of  ..I 
margarine  or  hntterine  to  imitate  \\\\<  granulation,  a-   tin-  artiii«-ial    product 

does  n«»t  naturally  tend  to  show  such  appearano  *-d  Imtter  \\h«-n  fn -h 

has  a   pleasant   fragrant   odor  and  agreeable  ta-tc,  luit   tli«-   flavor,  likr  tin- 
color,  varies  with  the  fund  of  the  cow,  certain  plant.-,  like  -arli<-.  -jivinira  «jiiit«- 
pronounced  flavor  to  hoth  milk  and  luitter.      At  nrdinarv  i.  in|i«  ratm.  -  l.iit- 
ter   i<  easily  cut  or  moulded,  and    it    readily  nn-lt-   to  :(   tran-pan-nt.   li-jht- 
colored  oil.      It  always  contain-,  acenrdin^  to  the  thnr«ni«;liin>s  with  wliich 
it  has  been  kneaded  and  washed,  more  or  1<—  casein,  whidi  i-  very  liabl- 
undergo  decomposition,  and  hence  the  necessity  for  the  addition  of  laiL"  : 
smaller  amounts  of  salt,  which  aet<  as  a  preservative.      \\'hcn  the  butter-fat 
i>  freed  from  curd  and  water  by  melting  the  butter  and  drawing  «»tV  theody 
layer  it  mav  be  kej)t  1'or  a  lon^-  time  without  change. 

This  butter-fat  is  made  up,  as  was  stated  in  speaking  of  the  fat  of  milk, 
of  the  glycerides  of  oleic,  palmitic,  and  stearic  acids  (the  so-called  insoluble 
acids)  and  the  glycerides  of  butyric,  capmie,  <-apryli<-,  and  caj»i'ie  arid-  (the 
>o-ealled  soluble  acids).  The  proportion  in  which  they  exist  in  butter-tat 
varies  within  very  slight  limits  only,  so  that  live  to  six  per  cent,  may  b.- 
called  the  average  percentage  of  the  soluble  acids,  and  eighty-ei^ht  per  cent. 
the  average  percentage  of  the  insoluble  acids  pre-ent  in  butter-fat,  Tin- 
gives  a  very  important  means  of  distinguishing  between  a  natural  butterand 
oleomargarine  or  natural  butter  adulterated  with  the  imitation-.  In  -uch 
butter  the  glycerides  of  the  soluble  acids  (butyric,  etc.)  are  either  \\ anting 
entirely  or,  if  a  little  cream  was  used  in  the  churning  with  "  oleo  oil"  pn-mt. 
in  very  much  smaller  amount  than  the  normal.  This  distinction  will  U-  evi- 
dent from  the  analyses  of  normal  butterand  oleomargarine  butters,  given  on 
the  authority  of  l')r. 


Genuine  Buttei;  shouting  Range  of  V<i  rial  ion  in  Composition  of  the  Fat. 


Water. 

Salt 

Curd. 

Butter- 
fat. 

Specific 
•JSJfc" 

Percentage  of 
fixed  acids  in 
fat. 

Percentage  of 
soluble  acids 
as  but; 

M,  ::.:..- 
t»»im. 
Fahren- 
heit 

1. 

7.55 

1.03 

1.15 

90.27 

913.89 

7.41 

Bfi     K 

2.    . 

11.71 

3.60 

0.95 

83.74 

911.46 

B8.24 

6.41 

90°  F. 

3.    . 

11.42 

1.29 

1.12 

86.17 

910.17 

88.53 

4.84 

90°  F. 

4.    . 

1255 

0.89 

0.74 

86.82 

910.20 

89.00 

4.57 

90°  F.  , 

5.    . 

14.62 

1.48 

1.88 

82.02 

910.70 

89.00 

4.50 

1'1°  F. 

*  Analysis  and  Adulteration  of  Foods,  pp.  68  and  70. 
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Analyses  of  Oleomargarine  Butter  or  Butterine. 


Water. 

Salt. 

Curd. 

Fat. 

Specific 

Percentage 
of  fixed 

.Percentage 
of  soluble 

Melting 
point,  Fah- 

100° F. 

acids. 

acids. 

renheit 

14.30 

3.81 

0.48 

81.41 

903.84 

94.34 

82°  F. 

11.21 

1.70 

1.73 

85.36 

902.34 

94.83 

0.66 

78°  F. 

12.33 

4.00 

1.09 

82.58 

903.15 

95.04 

0.47 

79°  F. 

5.32 

1.09 

0.67 

92.92 

903.79 

96.29 

0.23 

81°  F. 

13.21 

3.99 

1.07 

81.73 

901.36 

95.60 

0.16 

78°  F. 

The  best  grades  of  artificial  butter  do  not  differ  in  appearance  from 
ordinary  butter.  To  induce  the  proper  granulation  of  the  oleomargarine,  it 
is  chilled  thoroughly  with  fragments  of  ice  immediately  after  it  is  taken 
from  the  churn  and  before  kneading  or  salting  it.  In  color,  consistence, 
and  taste  it  may  be  made  to  imitate  the  natural  butter  so  as  to  deceive  most 
persons.  A  distinction,  it  is  said,  however,  can  always  be  noted  in  the  taste 
when  it  is  melted  upon  hot  boiled  potatoes,  to  which  it  imparts  a  peculiar 
taste  recognizable  as  distinct  from  that  of  a  true  butter. 

3.  CHEESE. — The  general  classification  of  the  cheeses  has  been  given  in 
speaking  of  the  methods  of  manufacture,  and  the  distinction  between  the  fat 
and  lean  cheeses,  between  cream  cheese,  whole-milk  and  skimmed-milk 
cheeses  given.  The  terms  hard  and  soft  cheeses  are  applied  according  as 
the  curd  has  or  has  not  been  pressed  in  the  process  of  manufacturing. 
Most  of  the  names  which  have  been  attached  to  the  different  varieties  of 
cheese  are  those  of  localities.  We  will  indicate  the  character  of  a  few  of 
these. 

Neufch&tel  cheese  is  a  Swiss  cream  cheese. 

Limburger  cheese  is  a  soft  fat  cheese. 

Fromage  de  Brie  is  a  soft  French  cheese  rapidly  ripening  and  devel- 
oping ammoniacal  compounds. 

Camembert  cheese  is  also  a  cream  cheese. 

Roquefort  cheese  is  a  cheese  made  from  the  milk  of  the  ewe. 

Gruy&re  cheese  is  a  peculiarly  flavored  Swiss  cheese. 

Cheddar  cheese  is  a  hard  cheese  made  with  whole  milk. 

Single  and  double  Gloucester  are  made,  the  first  from  a  mixture  of 
skimmed  and  entire  milk,  and  the  second  from  the  entire  milk. 

Parmesan  cheese  is  a  very  dry  cheese,  with  a  large  amount  of  casein 
and  only  a  moderate  percentage  of  fat. 

Eidam  cheese  is  a  Dutch  cheese,  also  relatively  dry,  and  covered  with 
red  coloring. 

In  illustration  of  the  chemical  composition  of  these  different  varieties 
of  cheese  we  will  append  three  tables,  the  first  of  analyses  from  miscellane- 
ous sources,  and  the  second  and  third  from  Bell,*  giving  a  fuller  study  of 
the  composition  of  the  cheeses  and  showing  the  difference  between  the  fat 
normally  belonging  to  the  cheese  and  the  fat  added  in  the  shape  of  lard  or 
"  oleo  oil"  in  adulterated  cheeses. 


Analysis  and  Adulteration  of  Foods,  pp.  79  and  82. 
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Water. 

Pat 

Cawin. 

Moo-niuo- 
•adte. 

Aih. 

I'hmann)    . 

::  i  .  i 

41  90 

i   <•' 

7jOO 

•jn 

:/.  i» 

••,  .M 

|  . 

j   § 

8.10 

H  M 

M  • 

•i  "> 

ii. 

•    '41 

\V\  nt.-r  lU\th 

:.!  *7 

•|  »  : 

:-  • 

Camembert  (Wynter  Blyth)  .  .  . 

.,1    Q 

"1       4> 

i  .  ... 

ifib 

I'- 

Parmesan  (\Vy  n  U-r  Hlyth) 

H  .«, 

HJi 

u  H 

*    •    . 

Stilton 

American  (red)  . 
American  (pale)  . 
Roquefort  .  .  .  . 
Gorgonzola  .  .  . 
Cheddar  (medi- 
um)   

Gruyere 

Cheshire 

Single  Gloucester 
Dutch  (Eidam) .  . 


100  PARTS  CONTAIN 


tun 

28.63 
31.55 
BJB 

31.85 

35.60 
33.66 
37.11 
35.75 
41.30 


t 


39.13 
MJM 
KM 
HM 

34.34 

31.57 
8049 


:;  -  '.:, 


27.16 
27J8 


•>  ir, 


31.10 
2&2B 


I 


i.-Ji 
6.27 

ua 

1.35 

0.45 
0.27 
0.86 
0.31 
0.57 


::  !•• 
Ml 

i  H 
4.58 

4.22 
4.71 
4.42 
4.49 
7.10 


H  i'_. 

H  »•'• 
10,78 
49.02 

I.',  • 
18.71 

I-.7* 


mm 


mi 

..  .1 

MJI 

53.06 

IUJ 

17  "J 

H  M 

u  ii 


'••7 

Ml 
Ml 
IM 

2.11 

1.48 
Ug 

i  • 
i  H 

4.45 


!•>  i •..  i  RACi 
CoMKWmoN 

or  THE  PAT. 


»  4J 
4/J6 
4^1 

IM 

4.40 

4.56 

4.41 


S3 


89.18 
M 

Ii 

87.58 


Analyses  of  Oleomargarine  and  L<tr<I 


100  PARTS  CONTAIN 

Per 

cent,  of 
•alt. 

100  PART*  or 

P  AT  CONTAIN 

Mcltine  point 

Water. 

Fat 

Casein 
and 

free 
acids. 

Ash. 

iDBOl- 

abi« 

acid*. 

Soluble 

tSS, 

Oleomargarine  cheese  .  . 
Lard  cheese 

HUB 

31.30 

28.80 
24.66 

::.',  •_•; 

HJj 

S   '..H 

6.17 

1.14 
1.55 

•  «.: 

2.16 
1.55 

77°  P.  (25°  C.). 
92°F.(8SJ«»C.). 

4.  KOUMISS. — Koumiss  is  an  alcoholic  drink  made  by  the  fermentation 
of  milk.  As  made  by  the  fernn  ntation  (»f  marc's  milk  it  lias  long  been  a 
favorite  hcvcra^-c  with  the  Tartars  and  other  A-iatic  tribes.  Cow's  milk 
has  been  used  chiefly  in  making  it  in  both  Kuro|»e  and  America.  M 
milk  is  the  more  suitable  for  iermentation  because  of  the  larger  percentage 
of  milk-sn«iar  which  it  contain-. 

The  fermentation  is  started  by  mixing  fresh  milk  with  some  already 
soured.  Both  the  lactic  and  the  alcohol  fermentations  are  set  up,  with  the 
production  of  lactic  acid,  alcohol,  and  carbonic  acid  gas.  Some  of  the  albu- 
minoids are  also  changed  into  peptones.  The  composition  of  tl*>  koumiss 
as  prepared  from  both  mare's  and  ooV§  milk  is  shown  in  the  accompanying 
analyses  from  various  sources  : 
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1 

4 
I- 

£5 

3' 

Albumi- 
noids. 

I 

Alcohol. 

Carbon 
dioxide. 

i 

Koumiss  from  mare's  milk  (Fleischmann)  .... 
Koumiss  from  cow's  milk  (Fleischmann)  .  .  .  . 

91.53 
88.93 
9247 

1.25 
3.11 
1  24 

1.01 

0.79 
091 

1.91 

2.03 
197 

1.27 
0.85 
126 

1.85 
2.65 
1  84 

0.88 
1.03 
095 

0.29 
0.44 

Koumiss  from  mare's  milk  (London,  1884)  .... 
Koumiss  from  covv's  milk  (Wiley)  . 

91.87 
8932 

0.79 
4.38 

1.04 
0.47 

1.91 
256 

1.19 
208 

2.86 
076 

083 

5.  WHEY. — The  aqueous  liquid  remaining  after  the  separation  of  the 
butter-fat  and  the  casein,  or  curd,  is  termed  the  whey.  Its  more  important 
constituent  is  milk-sugar,  which  in  sour  whey  has  been  changed  in  part  into 
lactic  acid.  It  also  contains  soluble  nitrogenous  constituents,  such  as  milk, 
albumen,  and  peptonized  casein.  On  account  of  these  constituents  it  is  an 
easily  digestible  preparation  and  one  assisting  digestion.  Hence  the  use  of 
the  "  whey  treatment"  in  medical  practice  for  dyspeptics  and  those  suffering 
from  enfeebled  digestion.  The  chief  importance,  however,  of  the  whey  is 
for  the  extraction  of  the  milk-sugar,  which  is  largely  carried  out  in  Switzer- 
land. For  this  purpose  the  whey  is  concentrated  and  drained  free  from 
separated  albumen ;  from  the  concentrated  liquid  the  milk-sugar  then  crys- 
tallizes in  clusters  of  hard  crystals.  These  are  purified  by  filtration  through 
bone-black  and  recrystallized.  From  two  hundred  litres  of  milk  originally 
taken  about  four  kilogrammes  of  pure  milk-sugar  are  obtained.  Other 
products  of  minor  and  local  importance  only  are  "  whey  butter,"  "  whey 
alcohol/'  from  which  latter  "  whey  champagne"  is  made,  and  "  whey  vin- 
egar." The  analysis  of  the  average  whey  has  already  been  given.  (See 
p.  243.) 

IV.  Analytical  Tests  and  Methods. 

1.  FOR  MILK. — The  specific  gravity  of  milk  is  an  indication  of  value, 
as  it  varies  according  to  the  content  of  fat,  being  higher  for  a  skimmed  milk 
than  for  a  whole  milk.  However,  when  the  cream  has  been  removed,  the  spe- 
cific gravity  may  be  reduced  to  that  of  normal  milk  by  the  addition  of  water, 
and  then  the  specific  gravity  determination  taken  alone  would  be  fallacious. 
Hence  the  detection  of  the  adulteration  of  milk  by  addition  of  water  cannot 
be  made  with  entire  accuracy  by  the  lactometer  or  specific  gravity  hydrometer 
in  use.  The  lactometer  officially  used  by  milk  inspectors  in  New  York  and 
other  States  indicates  specific  gravities  between  1.000  (the  specific  gravity 
of  water)  and  1.038.  A  specific  gravity  of  1.021  (taken  as  the  minimum 
density  of  genuine  milk)  is  also  marked  100°,  while  the  specific  gravity  of 
water  (1.000)  is  called  0°.  Hence  if  the  lactometer  read  70°,  the  sample 
is  supposed  to  contain  seventy  per  cent,  pure  milk  and  thirty  per  cent, 
water.  The  average  lactometric  strength  of  about  twenty  thousand  samples 
of  milk  examined  by  the  New  York  State  Dairy  Commissioner  in  the  year 
1884  was  110°,  equivalent  to  a  specific  gravity  of  1.0319.  Another  form 
of  lactometer  used  abroad  is  the  Quevenne-Miiller  instrument,  which  is 
graduated  in  absolute  specific  gravity  readings  between  the  limits  1.014  and 
1.042,  and  then  the  limits  of  pure  milk  (1.029  to  1.034)  indicated,  and 
degrees  of  dilution  with  water  also  indicated  as  the  specific  gravity  sinks 
below  this.  The  degree  of  adulteration  of  skimmed  milk  is  also  indicated 
on  the  instrument  in  the  same  way. 

The  total  solids  form  an  important  element  in  the  examination  of  milk. 
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In  some  States  tin-  minimum  |H>roenta^e  of  total  solid-  allowed  in  a  milk  is 

Mat'd    l,y   l:i\\.       (In    Ma-.-aehii-ett-    thirteen    |M|-    .  .  n(.  ;    in    NY\\     Y-.fk    Elld 

NI-NV  .ler-ey  twelve  per  cviil  •!•  t<  rmin«-  lli.-  IPOfflT  :m<l  ft 

Hiam-  <»t'  milk  are  placed  in  an   accurately   \\.  i-jhed  tlat-lM,n.,m,-.l  platinum 

oapoale  and  dried,  nrsl  --n  th«-  uat.-i--i.atli  and  afterwards  «(  i""»    <'.,  until 

eon-tant    \\ei-lit    is   obtained.      Kitthan-. n    j  •  M      the    milk 

with  a  few  cubic  centimetres  of  al>s4)lut«' alcohol  before  ln^inmm:  tin-  drying, 
hut  this  is  -aid  In  he  miner. --ar\  . 

To  d. termine  tin-  "*//,  i-rnite  tin-  iv-iduc  .,t'  th<-  total  -olid-  jn-t  obtained, 
fust  over  a  -mall  flame  ami  finally  at  a  dull  red  h.  a: .  <  -  - .  •  i  -tin-  di-h,  cool 
in  tin-  <lrsirrat«»r,  and  \\ritfh. 

Thr///  determination  may  In-  <lrteriiiiiu-<l  n.u^lily  hv  th.  u  cn-monn 
of  ( 'hcvallirr,  wliich  is  a  graduated  jar  in  \\hieh  a  sample  of  fn-sli  milk 
i-  -t.M.d  I'm-  1'rnin  t\\« •nty-rmir  t<>  thirty  — i\  Imurs  and  th.  n  tin-  h.  i-ht  ..!' 
the  separatctl  cream  layer  read  nil'.  lv. m. ml.,  i  in-,  h..\\r\.  r,  that  all  the 
liit-L:-lnhulcs  are  uev«-r  likely  t«»  rise  and  ti.rni  t«.Lrcthcr  in  the  .-r.am  lay.-r. 
more  accurate  methods  are  seen  to  be  necessary.  A  vdnm.  tri.  m.  th.nl 
of  much  greater  accuracy  i-  that  of  the  laet«.hutvr..m<  ter  «.f  Man-hand  a- 
inijiroved  by  Tolleus  and  S-hmidt.  In  this  the  m.a-nivd  milk  -ample,  t" 
which  a  few  drops  of  sodium  or  ammonium  hydrate  ha-  h« •«  n  adde<l,  is  agi- 
tated with  ether,  and  then  alcohol  added,  and  the  agitation  n-p, 
.-t  a  ixliug  the  graduated  tuhc  in  warm  \\ater  the  ethen-al  layer..!'  tat  sepa- 
rate- out  on  top  the  alcoholic  ether,  and  can  lx»  read  <>M'  and  the  nercentage 
calculated  from  tables  prepared.  An  improved  form  «.f  the  laet..l.utyn.m. - 
ter  has  been  described  by  Caldwell*  and  the  a  cm  racy  of  the  method  es- 
tahlishcd.  Another  volumetric  method  ha-ed  upon  the  .-ame  prin.-iple,  hut 
more  complicated  in  its  details,  is  that  of  Snxhlet.  In  thi-,  the  milk  made 
alkaline  by  caustic  potash  is  shaken  with  ether,  and  the  ethereal  solution  of 
the  tilt  rising  to  the  top  of  the  mixture  is  separated  and  its  s|>ecific  gravity 
determined.  Liebermann  has  also  described  a  third  volumetric  method, 
and  more  recently f  Morse,  Piggot,  and  Burton  have  de-.-ril.ed  \\hat  -<-em- 
to  be  the  most  accurate1  of  these  method>  for  the  determination  of  the  tat  of 
milk  volu metrically.  Their  method  consists  in  the  dehydration  of  the  milk 
by  means  of  anhydrous  copper  sulphate;  the  extraction  of  the  tat  by  means 
of  low  boiling  petroleum-ether;  the  saponi  Heat  ion  of  the  butter  by  means 
of  an  excess  of  a  standard  solution  of  potassium  hydroxide  in  alcohol  j  and 
the  determination  of  the  excess  of  alkali  by  means  of  a  solution  of  hydro- 
chloric' a<-id. 

More  generally  relied  upon  for  absolute  aceura.-y  are  the  gravimetric 
methods,  of  which  Adams's  is  generally  followed.  In  this  a  coil  of  white 
blotting-paper  (or  thick  filtering- pa  per)  previously  purified  with  ether  and 
dried  is  made  to  soak  up  the  milk  to  be  analy/.ed  from  a  weighed  l.-.tk.  r  Of 
pipette.  The  paper  coil  is  then  dried  in  a  hot-air  ..\ »  n  and  placed  in  a 
Soxhlet  (see  p.  73)  or  similar  iiit-extraetioii  apparatu-  connected  with  an 
inverted  condenser  and  the  fat  extracted  by  ether  or  petroleum-ether. 

The  aUtinninn'nl*  arc  estimated  by  cvaporatin-  a  weighc-d  portion  «>f 
milk  to  dry  ness  and  making  a  combustion  of  the  residue  with  soda-lime  ..r 
by  the  Kjeldahl  method  of  conversion  into  ammonia  compound-  and  di-til- 
lation  from  an  alkaline  solution.  l'n> lessor  A.  K.  IxrdsJ  prefers  to  d.ter- 

*  Amer.  Chcm.  Journ.,  vii.  p.  243.  t  Il.id  .  ix.  pp.  108  and  222. 

I  Transact!. MIS  o f  the  College  of  Physicians,  Philatlelphia,  1884,  p.  268. 
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mine  the  albuminoids  jointly  with  the  fat  by  the  precipitation  with  cupric 
sulphate  after  the  method  of  Ritthausen  as  modified  by  Gerber. 

The  estimation  of  the  milk-sugar  by  the  polariscope  is  rendered  difficult 
by  the  presence  in  milk  of  various  albuminoids,  all  of  which  turn  the  plane 
of  polarization  to  the  left,  and  the  ordinary  means  of  removing  these  albu- 
minoids by  a  solution  of  basic  acetate  of  lead  is  far  from  being  perfect.  Pro- 
fessor Wiley*  after  extensive  experiments  upon  this  has  adopted  a  method  of 
optical  analysis,  using  acid  mercuric  nitrate  to  precipitate  the  albuminoids. 
He  takes  the  specific  rotatory  power  of  milk-sugar  as  (a)^  =  52.5.  For  de- 
tails of  his  procedure  the  reader  is  referred  to  his  publication.  Milk-sugar 
may  also  be  determined  either  volumetrically  or  gravimetrically  with  the  aid 
of  Fehling's  solution.  (See  p.  152.)  In  this  case,  it  is  also  necessary  to 
remove  the  albuminoids  first,  and  this  is  done  by  Ritthausen' s  method  of 
precipitation  with  copper  sulphate,  all  excess  of  this  reagent  being  removed 
with  caustic  potash  solution.  In  calculating  the  results  it  will  be  remem- 
bered that  the  copper  reducing  power  of  milk-sugar  is  70.5°  as  compared 
with  dextrose  at  100°. 

The  sugar  is  probably  most  accurately  determined  by  extraction  from 
the  fat-free  residue  with  weak  boiling  alcohol,  filtering  the  alcoholic  fluid, 
and  evaporating  to  dryness.  This  leaves  the  sugar  with  some  mineral  mat- 
ter. On  burning  and  determining  this  matter  as  ash  the  amount  of  sugar 
can  be  gotten. 

2.  FOR  BUTTER. — The  water  in  butter  is  determined  by  drying  five 
grammes  of  the  butter  in  a  platinum  dish  at  a  temperature  of  100°  C. 
(212°  F.)  or  slightly  higher.  -The  melted  butter  is  stirred  from  time  to 
time  to  facilitate  the  escape  of  the  moisture.  The  water  will  have  been 
given  off  in  three  to  four  hours,  and  it  has  been  found  that  longer  heating 
sometimes  causes  the  melted  fat  to  gain  in  weight. 

To  determine  the  salt,  the  dried  butter  just  obtained  is  treated  with  warm 
ether  or  petroleum  spirit,  and  the  contents  of  the  platinum  dish  poured  on 
a  weighed  filter  and  washed  with  ether  until  all  fat  is  removed.  The  resi- 
due and  filter  are  dried  and  weighed.  The  salt  is  then  dissolved  out  by 
warm  water,  and  the  chlorides  in  the  solution  estimated  volumetrically  by 
tritration  with  decinormal  silver  nitrate,  using  a  few  drops  of  potassium 
chromate  as  indicator.  The  difference  between  the  weight  of  salt  ascer- 
tained and  the  total  weight  of  curd  and  salt  on  the  weighed  filter  is  regarded 
as  the  amount  of  the  casein,  or  curd,  present.  If  after  washing  out  the 
salt  the  residue  on  the  weighed  filter  be  dried  and  then  weighed,  the  amount 
of  casein  so  obtained  is  a  little  less  than  that  gotten  by  difference.  This  is 
partly  due  to  the  small  amount  of  milk-sugar  washed  out  along  with  the 
salt  and  undetermined,  and  partly  to  the  slight  solvent  action  of  warm  water 
on  some  of  the  curd. 

The  percentage  of  fat  may  be  obtained  by  evaporating  the  ether  filtrate 
from  the  previous  determination  of  salt  and  curd,  but  the  butter-fat  is  liable 
to  increase  in  weight  by  this  treatment,  and  therefore  the  fat  is  usually  got- 
ten by  difference  after  determining  the  water,  casein,  salt,  and  milk-sugar. 

The  adulteration  of  butter  and  the  manufacture  on  a  large  scale  of  butter 
substitutes  makes  an  examination  of  the  butter-fat  one  of  great  importance. 
This  examination  may  be  both  qualitative  and  quantitative.  The  butter- 
fat  is  gotten  for  examination  by  melting  a  sample  of  butter  and,  after  allow- 

*  Department  of  Agriculture,  Bulletin  No.  13,  Part  i.  p.  113. 
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in-    tin-  water   and    curd   to  Bettle,  p"iirin_r    the    oku  tin    "ii  to   a  dry   \\arin 
ribbed  filter  and  eolli-ctin"   tin-  liltr:it<  . 

The    -peeilie    gravity   of   the    hlltter-fat     Iliav    IM-    tal. 
by   Bell,  in  a  §peaftc  gravity   battle   at    a    l.-n.|M  ratlin-  of   1<M)      1 

as  suggested    hv   K-teonrl    and   •  nd..i~.d    hv  All«-ii,  with    tin-  aid   of  the 
\Vestphal  balance  (see  p.  That   a    tem|N-ratmv  of  !»!•     (..    10       < 
•J1L'      !•'.).       I'.ell  found  l,y  hi.  method  that  th.-   «.|N-eif,e  -ra\itv  of  true    hut- 
t.-r-t'at  varied  from    JMW.'i    to    Hi  I  (wftt«    1000),  vshile   hutte'rim  d   a 

-pecifie  o-ravity  of  901.4  to  90.*J.s.      Allen   pve>   the   limit  I'm-   pun-  bun 

Hit  tested  at  99°  C.  as  867  to  870,  while  buttefofl  at  the  HUM  tern] 
was  858.6  to  862 

The  iin-ltin</  jutinf  of  the   Initter-lat    i-   aU«.   -j«  in  -rally  not^l.      154-11    pr-.- 
p..^-d  detei-niinin-  th<-  niehin-    pnint    l>y  firM   -nddenlx   MHI| 
DUtter-iat    l>\  -  tloatin-    the   eajt-ule  miitaininu:    it    UJH.II    i«-r-\\ati-r.  ami    ih«n 
taking  a  fra^im-nt  of  the  rniiMraled  hiitter  II|H.H  the  |....|>  cf  a  platinum  v- 
This  is  then  introdnecd  rl«»r  t«.  the   hull)  of  a  thenm.  meter  in  a  1  Maker  of 
water  which  is  hem-    heated    fn.m  without.      A-  the  water  hccomra  \\anmd 
tlu-  irlolmlr  iuelt>  and  th<-   tln-nnnmi  -t.  -r   i-   read   ofl'.      An    imj»r«.\  «  in.  nt  <»n 
the  metlmd  in-iirinn-  greater  aeeuraey  is  i-<conhd  in  Bulletin  of  the  I>ej,att- 
mcnt  of  A-rieiiltmv,  \...   l!»,  p.  72.      The  ineltiu-   point  «.f  hutter  usually 

between  LM>.r>°  (1.  and  ;i:5°  C.(85°  to  i»o0  Fj,  white  the  rndtbur  point 

Q  and  28    C.(77.9°  to  «2.4°  F. 


is  stated  to  be  between  25.5    Q  and  28    C.(77.9°  to  «2.4°  F.). 

The  quantitative  examination  of  the  nippnsed  hntter-fat  may  h<-  made 
hv  M-veral  nicthotls,  —  vix.,  the  determination  of  the  sajx.nitii  ati<>n  e<jnivalent 

l)V    Kortt.-tnl'fer'>    lIK'tllod,*    tile   (let  el'Ill  i  Iiat  i«>H    of   tile    peiv.-ntajjf  of  illS4»lllhle 

I'atty  aeids  present  as  ulyeerides  hy  I  lelmer's  meih.  d.  :  and  the  determination 
of  the  volatile  iat  acids  after  distillation  hy  lv<i«heit'>  iiHthod.|  T«>  these 
m<»t  generally  received  methods  may  also  he  added  the  method  of  Hiihl 
iodine  saturation  as  determining  the  character  of  latty  acid-,  and  the  method 
of  Morse  and  Burton,  which  combines  the  Koettstorfer  and  the  I  Miner 
proees.-es,  and  determines  the  saponilication  equivalent  of  the  soluble  and 

the  insoluble  fat  acids  separately. 

The  term  "  saponihYatioii  equivalent"  is  used  to  indicate  the  numlxT  of 
grammes  of  an  oil  saponified  hy  one  (-(juivalent  in  gramme-  of  an  alkali. 
Thus,  trihutyrin  (the  glyceride  of  hutyric  acid)  has  a  .siponilication  iMjuiva- 
lent  of  100.67,  while  tri-tearine  (the  glycvride  of  -tearic  acid)  has  a  saponi- 
lieation  e«iuivalent  of  296.67.  Butter-fat,  it  will  IK-  remcmU-rtd,  i>  a  mix- 
ture of  the  several  irlveerides  of  the  lower  or  volatile  iiitty  acid-  and  the 

bigher  or  non-volatile  fatty  acids.     Itssaponitication  equivalent  ranges  from 

•J  1  1  to-J.").",,  the  average  hein^  iM7  ;  hutterine  has  a  saponification  equivalent 
ranging  from  '111  to  LH.I  1,  theaveni^c  hrin^  L'N  ">.").  In  I  lehnerV  meth«Kl,  the 
weighed  (jnantity  of  the  fat  is  saponified  by  alcoholic  pota>h,  the  >«.ap  solu- 
tion evaporated  down,  taken  up  with  water,  and  the  latty  a<  ids  set  tree  by 
an  excess  of  hydrochloric  acid.  Thev  are  now  brought  upon  a  weighed 
filter,  washed  with  boiling  water  until  no  longer  acid,  and  then  chilled  into 
a  cake  by  immersing  the  filter  in  cold  water.  The  filter  is  then  tran-fem-d 
to  a  weighed  l>eaker-glass  and  the  contents  dried  at  100°  C.  until  con-taut 
in  weight.  The  soluble  fat  acids  can  also  be  determined  in  this  process  by 


*  Alli'ii,  Comim -n-ial  Organic  Aii:tly-U.  IM  ••»!..  vol.  ii.  p.  40. 
t  Bell,  Analysis  and  Adulteration  «»t    1  t  ii.  p.  66. 

j  Allen,  Coiiiiii.-n-ial  Oixanir  Analysis,  tM  eil.,  vol.  ii.  p.  45. 
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collecting  the  washings  which  were  obtained  with  boiling  water  and  making 
them  up  to  one  hundred  cubic  centimetres  and  then  carefully  titrating  an 
aliquot  portion  with  decinormal  soda  solution.  This  will  give  the  amount 
of  soluble  fat  acids  plus  the  excess  of  standard  hydrochloric  acid  used  orig- 
inally in  liberating  the  fat  acids.  The  amount  of  this  excess  can  be  ascer- 
tained by  carrying  through  a  blank  experiment  with  alcoholic  potash  and 
hydrochloric  acid,  but  without  the  fat.  In  the  analysis  of  butter-fat  the 
sum  of  the  insoluble  fatty  acids  and  of  the  soluble  fatty  acids  calculated  as 
butyric  acid  should  always  amount  to  fully  ninety-four  per  cent,  of  the  fat 
taken.  The  soluble  fatty  acids  calculated  as  butyric  acid  should  amount  to 
at  least  five  per  cent.,  any  notably  smaller  proportion  being  due  to  adultera- 
tion. As  an  average,  eighty-eight  per  cent,  of  insoluble  and  five  and  a  half 
per  cent,  of  soluble  acids  should  be  obtained. 

While  the  true  percentage  of  the  volatile  fatty  acids  cannot  be  easily 
obtained,  the  amount  of  alkali  needed  to  neutralize  them  after  distillation 
can  be  determined  by  Reichert's  process.  According  to  this,  as  improved 
by  Meissl,  five  grammes  of  the  fused  and  filtered  fat  are  placed  in  a  flask 
of  about  two  hundred  cubic  centimetres  contents  with  about  two  grammes 
solid  caustic  potash  and  fifty  cubic  centimetres  of  seventy  per  cent,  alcohol, 
saponified  on  the  water-bath  and  evaporated  down  until  all  alcohol  is  driven 
off.  The  thick  soap-mass  remaining  is  now  dissolved  in  one  hundred  cubic 
centimetres  of  water,  forty  cubic  centimetres  of  dilute  sulphuric  acid  added, 
and,  after  adding  a  few  fragments  of  pumice-stone,  distilled  with  the  aid  of 
a  Liebig  condenser.  About  one  hundred  and  ten  cubic  centimetres  of  dis- 
tillate are  collected,  which  requires  about  an  hour.  Filter  and  collect  one 
hundred  cubic  centimetres  in  a  graduated  flask.  Add  phenol-phthalein  as 
an  indicator,  and  titrate  with  decinormal  alkali.  Increase  the  result  by  one- 
tenth,  and  reckon  the  result  upon  five  grammes  of  the  substance.  It  is 
found  that  two  and  a  half  grammes  of  butter-fat,  examined  by  Reichert's 
method,  require  about  thirteen  cubic  centimetres  of  the  decinormal  alkali, 
while  butterine  requires  only  one  cubic  centimetre.  As  the  difference  be- 
tween these  is  twelve  cubic  centimetres,  it  may  be  calculated  that  there  is 
8.5  per  cent,  real  butter-fat  present  in  a  mixture  for  every  cubic  centi- 
metre of  alkali  required  over  the  one  cubic  centimetre  required  for  ordinary 
butterine. 

HubFs  method  is  founded  on  the  fact  that  the  three  series  of  fatty  acids 
(acetic,  acrylic,  and  tetrolic)  unite  in  different  proportions  with  the  halogens, 
like  chlorine,  bromine,  and  iodine,  to  form  addition  products.  The  number 
of  grammes  of  iodine  absorbed  is  calculated  to  one  hundred  grammes  of 
fat,  and  this  is  HubFs  "  iodine  number.7'  Thus  genuine  butter  has  an  iodine 
number  from  30.5  to  43.0,  while  oleomargarine  has  from  50.9  to  54.9. 

Morse  and  Burton  *  saponify  the  combined  fatty  acids,  liberate  the  free 
acids,  wash  out  the  soluble  portion  of  the  mixture,  and  then  saponify  again 
the  soluble  and  the  insoluble  acids  separately.  They  thus  combine  the 
Koettstorfer  and  the  Hehner  processes  and  get  a  greater  certainty  as  to  the 
character  of  the  fat  mixture.  Thus  they  find  that  with  butter  86.57  per 
cent,  of  potassium  hydrate  is  required  to  neutralize  the  insoluble  acids  and 
13.17  per  cent,  to  neutralize  the  soluble  acids,  while  with  oleomargarine 
95.40  per  cent,  of  potassium  hydrate  is  required  for  the  insoluble  acids  and 
4.57  per  cent,  for  the  soluble  acids. 

*  Amer.  Cheni.  Journ.,  x.  p.  322. 
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Perkins*  has  devise*!  a  similar  pm. •«— ,  \\hirh  goes  further  and  di.-tils 
off  the  volatile  fatty  arids  tV«.ni  tin-  soluble  jH.rtiun  \v:i-ln-d  «»ut  «»f  tin-  fatty 
acid  mixture,  thus  combining  the  li-atuiv-  ..!'  ih«-  |{«-ir|n-i-t  process  with  thox- 
of  the  other  two. 

The  chief  ruli.nn^  mailer  addc«l  t<»  Imtter  are  the  vegetable  dyes  annato, 
cai'otin,  fustic,  turiueric,  marigold)  and  sitl'mii,  tin-  <-«>al-tar  dyes  Victoria 
and  Martins  yellow,  and  sometimes  chrome-yellow  (•  hromate  of  lead). 
The  following  short  scheme  of  testing  will  show  the  nature  of  the  Imtter- 
eolnr  in  most  cases: 

l>i— olve  the  snj)]»ose<l  artificially-colored  butter  in  alcohol  and  add, — 

a.  Nitric  acid  :   «rreeiii>h  coloration,  *njfr<m. 

b.  Sugar  solution  and  hydrochloric  acid  :   red  coloration,  saffron. 

c.  Ammonia:   I irownish  coloration,  turmeric. 

d.  Silver  nitrate:  blackish  coloration,  nuirit/n/il. 

e.  Evaporate  the  alcoholic  solution  to  dryness  and  add  concentrated  sul- 
phuric acid  :  greenish-blue  coloration,  annato ;  blue  coloration,  saffron. 

/.  Hydrochloric  acid  :  decolorization,  with  formation  of  yellowish  crys- 
talline precipitate,  Victoria  or  Martiux  ydlou-. 

(/.  Separation  of  a  heavy  and  insoluble  yellow  powder  :  rhrinm'-y,-/low. 

3.  FOR  CHEESE. — The  methods  employed  in  cheese  analysis  are  in  most 
respects  the  same  as  those  employed  in  the  examination  of  butter.  The  fat 
is  best  extracted  with  light  petroleum-ether,  as  common  ether  dissolves  the 
free  lactic  acid  as  well  as  the  fat.  The  remaining  solids  not  fat  can  then  be 
dried  and  weighed.  The  fat  should  be  examined  by  Koettstorfer's  saponi- 
fication  equivalent  method,  as  the  oleomargarine  and  lard  cheeses  may  be 
detected  in  this  way.  Genuine  cheese-fat,  according  to  Muter,  f  should  not 
consume  less  than  two  hundred  and  twenty  milligrammes  of  potassium 
hydrate  for  each  gramme  used.  If  the  cheese  should  give  unfavorable 
indications  with  Koettstorfer's  test,  then  the  soluble  and  insoluble  fatty 
acids  are  determined  in  the  fat  according  to  Hehner.  The  percentage  of 
insoluble  fat  acids  in  genuine  cheese,  according  to  Muter,  averages  88.5, 
while  in  oleomargarine  cheeses  it  is  from  90.5  to  92  per  cent. 

The  acidity,  calculated  as  lactic  acid,  may  be  determined  by  treating 
the  residue  from  the  fat  determination  with  water  and  titrating  the  wa.-hings 
with  decinormal  soda  solution.  The  washed  residue  then  is  the  non-fatty 
solids. 

The  ash  is  determined  by  ignition  of  the  dried  cheese  before  extraction 
of  the  fat. 
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STATISTICS. 

In  the  absence  of  any  governmental  control  of  the  milk  industries  no 
statistics  of  production  representing  the  entire  country  can  be  given  except 
for  oleomargarine. 

For  butter  and  cheese  consumption  accurate  figures  can  be  given  for  the 
amount  handled  at  the  port  of  New  York,  and  from  that  estimates  can  be 
made  with  some  approximation  to  the  truth  for  the  country  generally.  The 
following  figures  and  estimates  for  the  last  five  years  are  given  on  the 
authority  of  H.  R.  Chambers,  statistician  for  the  New  York  Mercantile 
Exchange. 

The  New  York  market  is  figured  to  have  fed  during  the  last  five  years 
an  average  of  one  million  seven  hundred  and  fifty  thousand  people  yearly. 
The  receipts  and  exports  at  that  port  were  in  packages  of  fifty  pounds  each. 

RECEIPTS.  EXPORTS. 


Butter.  Cheese.  Butter.             Cheese. 

1890 1,890,949  1,987,217  373,982  1,496,798 

1889 2,044,448  1,931,015  398,819  1,500,930 

1888 1,697,909  1,993,462  140,993  1,516,614 

1887 1,678,660  1,994,857  188,541  1,450,590 

1886 1,648,220  1,943,260  233,552  1,575,268 

The  average  receipt  yearly,  less  the  average  yearly  export,  will  give  the 
average  consumption  (approximately)  of  one  million  seven  hundred  and 
fifty  thousand  people.  1,785,000  —  266,000  =  1,519,000  packages  of  fifty 
pounds  each  for  one  million  seven  hundred  and  fifty  thousand  people,  or 
forty-three  and  one-third  pounds  for  each  person,  a  year  as  the  consumption 
of  butter. 

In  rural  districts  the  consumption  is  much  greater  and  the  waste  is 
greater,  so  that  an  average  would  bring  the  personal  consumption  easily  to 
fifty  pounds  each,  which  may  be  reckoned  on  the  population  of  the  country. 
Very  little  under-  or  over-production  seems  to  exist,  if  we  estimate  the  great 
steadiness  of  price  during  this  period. 

The  exportation  of  dairy  products  from  the  United  States  for  the  last 
three  years  has  been  as  follows : 
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am                 IMP  MM 

Butter  (pounds) lo  29,748,042 

Valued  at $1,HH4,908  $2,608,7  $4,187,489 

Cheese  (pounds)  88,068,468  84,999,.^  96,876,068 

Valued  ut $8,786,804  $7,^  $8,591,042 

Oleomargarine  butter  (poondi)  I.TL"..  In  2,686,996 

Valued  at $21'.  $•-'•>"  vj-.7.-j,;j 

Otoo  oil  (pounds) ao,m.  28*102,6*4 

Valu.-dat $3,2:5o                  $l>-  $0,476,268 

The  production  of  oleomargarine  in  tin-  I'mied  States  for  the  \cir>  »  n<l- 
ing  June  :10,  isss  and  1889,  is  -ivm  a>  fnllnu 

June  30, 18W.  June  30, 1880. 

Pounds :;i  ;;:,  M,I  ..is 


The  greater  quantity  of  the  "  oleo  oil"  exported  from  the  United  States 


goes  to  Holland,  where  it  is  converted  into  oleomargarine.     Tin-   Kn^lish 
importation  of  oleomargarine  (or  "  margarine,"  a>  it  i-  ..Hicially  ki 


;n<>\\n  there) 


for  the  years  1886-1888  was  as  follows : 


Total  imported 

Imported  from  Holland    .  . 
Re-exported 


1866, 


Cwt. 

886.573 

888,967 

17,549 


2,968*00 

2,767^09 

48,583 


1887. 


Cwt 


1^78.086 

1,172.074 
22,180 


BMH 


Owl 


1,188,174 

1,"|.',1"1 

- !  m 


8.268.828 

2.951>22 

50,614 


Jouru.  Sue.  Chein.  Ind.,  1889,  p.  884. 
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CHAPTER   VIII. 

VEGETABLE   TEXTILE    FIBRES. 

General  Characters. 

ALL  the  fibres  which  have  been  found  of  technical  value  for  manufacturing 
purposes  may  be  divided  into  the  two  great  classes,  vegetable  fibres  and  ani- 
mal fibres,  the  few  found  in  the  mineral  kingdom  among  fibrous  minerals 
being  of  relatively  slight  importance  in  textile  manufacturing.  Moreover, 
the  distinction  is  not  merely,  as  the  name  chosen  would  indicate,  one  of 
origin,  but  fundamental  structural  and  chemical  differences  also  exist  and 
make  themselves  evident  upon  the  slightest  examination.  The  vegetable 
fibres  are  exclusively  cell-growths  of  relatively  simple  structure,  which  dur- 
ing their  life  form  integral  parts  of  the  plant  organisms,  while  the  animal 
fibres  may  be  either  a  hardened  secretion  like  silk  or  a  more  complicated 
cell-growth  like  wool,  distinguished  by  its  scale-like  surface. 

Thus  the  vegetable  fibres  are  without  exception  some  form  of  cellulose 
(C6H10O5)n  in  more  or  less  pure  condition  or  an  alteration  product  of  the 
same,  while  the  animal  fibres  are  composed  of  protein  matter,  and  hence  are 
nitrogenous. 

The  radical  character  of  their  chemical  difference  just  referred  to  will 
be  more  thoroughly  appreciated  when  we  note  the  action  of  reagents  upon 
the  two  classes  respectively.  The  vegetable  fibres  are  not  dissolved  or 
weakened  by  alkalies  even  at  a  boiling  temperature,  while  the  animal  fibres 
are  speedily  disintegrated,  with  eventual  liberation  of  ammonia  from  the 
nitrogenous  material ;  while,  on  the  other  hand,  sulphuric  or  hydrochloric 
acid  rapidly  causes  a  disintegration  of  the  vegetable  fibres  by  their  action 
upon  the  cellulose,  and  nitric  acid  either  oxidizes  the  cellulose  or  gives  rise 
to  nitrated  derivatives,  while  the  animal  fibres  are  only  slightly  affected 
even  when  the  acids  are  concentrated.  These  reactions  will  be  referred  to 
more  fully  in  speaking  of  the  analytical  tests  used  for  distinguishing  the 
fibres  in  mixed  goods.  (See  p.  301.) 

The  several  vegetable  fibres  may  be  classified  according  to  botanical  or 
morphological  character  into  three  groups :  (1)  Seed-hairs  (filaments  com- 
posed of  individual  cells) ;  (2)  bast  fibres  (filaments  or  fibre-bundles  made 
up  of  individual  fibre-cells  aggregated  together) ;  and  (3)  fibro-vascular 
bundles.  Sometimes  the  term  bast  fibres  is  made  to  include  both  the  second 
and  third  classes  as  just  given. 

Chemically,  all  vegetable  fibres  are  composed  of  cellulose.  However, 
it  has  long  been  known  that  it  is  frequently  more  or  less  contaminated  with 
altered  products,  which  have  been  known  as  lignin,  ligno-cellulose,  adipo- 
cellulose,  etc.  The  recent  researches  of  Messrs.  Cross  and  Bevan  have 
given  us  a  clear  understanding  of  the  nature  of  the  lignin  and  the  altera- 
tion products  of  cellulose.  The  combination  of  cellulose  and  lignin,  to 
which  they  apply  the  name  of  bastose,  may  make  up  the  whole  bundle  of 
fibres,  as  in  jute,  or  may  be  merely  a  covering  upon  the  unaltered  cellulose. 
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By  distinguishing  between  tin-  cellulose  and  tin-  ba-to-e  and  mixture-  <,f  the 

two  we  may  <  Mal.lNi  a  chemical    da  —  iticat i .1'  tin-  vegetable  fibre-.       We 

arc  enabled  to  do  tlii>  by  tin-  aid  of'  tin-  -oliitii.n-  of  'HM line  ( p<.ta--ium  iodine 
solution  saturated  with  free  iodine)  aii<l  nilphnric  acid  (c.nie.  nt  rat»  d  -jlyrt-r- 
ine  and  strong  sulphuric  acid),  which  were  tir-t  pn-p.-ed  by  \Vtillart.* 
Pure  cdlnlo>e  when  te-tcd  with  the  iodine  and  -nlpliuric  acid  .-oliuioii-.  one 
after  the  other,  will  give  a  pun-  blue  color,  while  ha>to>e  >ho\\  -  under  the-,- 
conditions  a  yellow  coloration.  A  complete  «-la--itication,  taking  Inith  l»«itani- 
cal  and  chemi<-al  characters  into  account,  is  the  following,  which  i»  that  -.1' 
and  Uevan'st  w>tn  some  addition-  : 


Bluo   reaction    with    iodine 
and  sulphuric  acid. 


Yellow  reaction  with  iodine 
and  sulphuric  acid. 


Seed  bain. 


Cotton. 


B. 
edonoM 

t'n-t  fibres. 
Linen. 
Hemp, 

China-grasa. 

Kitlni-  . 

Nettle. 

Sunn  fibre. 


Hibiscus. 
Jute. 


Monocotnlydonoiu  fibre*  cor- 
respondinR  to  bast  fibres. 
iW. 

r      i 
ura 

Alfu. 


New  Zealand  flax. 
Aloe, 

Yucca. 

Mimilu  hemp. 

Ooir. 


1.  COTTON  FIBRE. — The  cotton,  as  already  noted,  is  a  seed-hair  and 
envelops  the  seeds,  which  are  at  first  enclosed  in  a  capsule.  With  the  ripen- 
ing of  the  plant  this  capsule  bursts  and  the  contents  spread  out  widely,  con- 
stituting the  cotton-boll,  which  is  easily  picked.  The  separation  of  the 
fibre  from  the  enclosed  seed  is  afterwards  accomplished  by  the  mechanical 
operation  called  "ginning,"  in  which  it  is  torn  from  the  seed,  so  that  while 
one  end  of  an  individual  fibre  is  always  closed  the  other  is  irregularly 
broken. 

The  genus  Gossypium,  to  which  all  cotton-plants  are  referred,  includes 
several  well-marked  varieties,  the  most  important  of  which  are  (?.  ]'»> 
(frmte,  or  "sea-island  cotton,"  grown  off  the  coast  of  Georgia,  South  Caro- 
lina, and  Florida,  which  yields  the  longest  and  strongest  fibre  or  the  finest 
"  >taple  ;"  the  G.  hirsutwn,  or  upland  cotton,  grown  inland  in  Georgia,  Ala- 
bama, Louisiana,  and  Mississippi,  which  yieldsa  shorter  staple;  the  G.  hcr- 
/>"<•<  a,, i,  grown  in  Egypt,  Asia  Minor,  and  India;  the  G.  arboreum,  grown 
in  India  and  Egypt;  the  G.  religiosum,  grown  in  China  and  India  and 
yielding  the  so-called  "nankin"  cotton  of  brown-yellow  color;  and  the  G. 
l\  riiridiimn,  yielding  the  long-stapled  Bra/iliau  and  Peruvian  cotton. 

The  structure  of  the  cotton  fibre  is  very  characteristic.  \\  pre.-eiits  a 
flattened  and  collapsed  tube  slightly  twisted  in  spiral  form,  with  compara- 
tively thick  walls  and  a  small  central  opening.  This  structure  i>  illu-trati  (1 
in  Figs.  80  and  81,  in  the  first  of  which  the  fibre  is  magnified  thirty  tiim  - 
and  in  the  second  of  which  it  is  magnified  two  hundred  times.  The  fu>t 
illustration  shows  the  spiral  twist  of  the  fibres  distinctly,  but  the  collap-  d 
character  of  the  tube  only  slightly  ;  this  latter  feature,  however,  is  -Imwn 
very  distinctly  in  the  second  illustration.  This  flattening  is  not  seen  in  the 
unripe  fibre,  which  is  a  tube  filled  with  liquid  protoplasmic  matter,  but  in 
the  ripening  of  the  plant  this  liquid  dries  up  and  the  walls  of  the  tube 


*  Vt'tillurt,  Etudi-<  sur  1-  Fil-r-.  I'arN,  l>7'i. 
f  Text-book  of  Papi  r-Makin-,  | 
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collapse  and  flatten  out.  The  adhesion  of  the  fibre  to  the  seed  also  becomes 
less,  so  that  the  ripe  cotton  is  easily  separated  in  the  ginning  process.  In 
some  species  (as  in  G.  Barbadense)  this  separation  of  hair  from  the  seed  is 
so  perfect  that  the  seed  shows  after  the  ginning  a  lustrous  black  appearance, 
whence  the  name  locally  applied  of  "  black-seed  cotton"  as  distinguished 
from  the  upland  variety,  known  as  "  green-seed  cotton." 


FIG.  80.  FIG. 


The  fibre  must  be  picked  when  mature  or  it  becomes  "  over-ripe"  and 
deteriorates.  The  length  of  the  '*  staple,"  or  fibre,  varies  considerably  with 
the  different  varieties  of  the  cotton,  the  long-stapled  sea-island  cotton  grown 
on  the  shores  of  Georgia  and  Florida  attaining  a  length  of  nearly  two 
inches  (five  centimetres),  while  the  short  native  cotton  of  India  scarcely 
exceeds  three-quarters  of  an  inch  (eighteen  millimetres)  in  length.* 

Chemically,  the  cotton  fibre  contains  about  ninety-one  per  cent,  of  pure 
cellulose,  seven  per  cent,  of  moisture,  and  small  amounts  of  fat,  nitrogen- 
ous material,  and  cuticular  substance.  An  ammoniacal  solution  of  copper 
oxide  causes  the  cellulose  material  of  the  fibre  to  soften  and  swell  up, 
whereby  the  cuticle,  which  is  not  softened,  takes  the  appearance  of  yellow- 
ish constricting  rings  binding  the  swollen  cellulose  at  regular  intervals. 
Prolonged  action  of  the  reagent  dissolves  the  cellulose.  When  bleached 
by  boiling  with  sodium  carbonate  or  hydrate,  the  cuticle  is  decomposed  and 
the  fibre  yields  easily  a  very  pure  form  of  cellulose. 

2.  FLAX. — The  flax-plant,  Linum  usitatissimum,  yields  the  best  known 
and  probably  the  most  valuable  of  the  bast  fibres  as  well  as  other  products, 
like  the  linseed  oil  and  linseed  cake.  (See  p.  47.)  It  is  not  grown  for 
both  fibre  and  seed  together,  however,  as  when  the  fibre  is  desired  in  best 
condition  the  plant  is  gathered  before  it  is  fully  matured,  while  if  the  plant 
is  allowed  to  ripen  fully  for  production  of  seed,  the  fibre  obtained  is  more 
stiff  and  coarse. 

The  plant  is  grown  through  a  wide  range  of  climate,  although  that 
grown  in  the  tropics,  as  in  India,  is  chiefly  used  for  seed,  the  fibre  being  of 
little  value,  while  that  grown  in  colder  countries,  as  in  the  Russian  East 
Sea  provinces,  yields  the  best  fibre.  When  the  plant  is  cultivated  for  the 
production  of  fibre,  it  is  either  sowred  more  thickly  or,  as  in  Holland  and 


*  Bowman,  Structure  of  the  Cotton  Fibre,  p.  19. 
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,  forced  to  grow  up  through  a  net-u,,rk  of  I, rii-h\\« ,«,d,  tlm-  yield- 
ing a  in. .iv  -lender  plant  \\ith  a  longer  ;,,,<!  finer  til.iv,  kno\\n  as  I'm  /•<///,/. 
The  plant  is  imt  cut,  hut  i-  alway-  carefully  pulled  up  \>\  the  root-,  and  the 
!r.  -lily  pulled-tip  flax  i-  at  mire  Hihmitted  to  the  process  of  -  « -din-.  OF 
Crippling,"  which  i-  to  remove  the  leave-  and  - -.  d  eap-nl«-.  Thi- 
n-ually  done  l.y  hand,  drawing  the  bundle-  i.f  the  tlax  thrmi-Ji  upright 

metallic    collll»,     el"     "rippleS,"      tile      pro|,'J~    of    \\liirh     «-a-ilv     catch      the     -eed 

capsules,  SO   that    three  Or  &Ur  drawing*   .-utlice    t,,   dean    thr   -tern-   or   tlax 

straws, 

This  straw,  as  it  is  termed,  contain*  in  a  dried  condition  S4»vcnty-threi' 

or  eighty  pel-   rent.  <>!'  its  weight  of  \\ ly  matter   and    encru-t iii'j    material 

and  twenty  t<>  t  \\riit  \  --even  per  rent.  ..('  l,a-t   til.iv. 

The  distinction  l»et\\een  the  several  |>art>  «.f  tin-  -inn  in  the  flax  and 
similar  plants  yielding  l»a>t  lihn-s  is  >lm\\ n  in  I-'i-.  M'  l.y  Loth  t  ran-\ -rr-e  and 
LongitUainaJ  rrns-->ection-,  where  1  reprornt-  the  j>ith,  •_'  the  \\.,.,d\  tlSBOe, 
;l  the  ramhium  or  partially  liquified  ti»ue,  1  the  l»a-t  tihre,  and  ~>  the  rru-t 
or  rind.  To  free  these  several  parts  nl'  the 
>tem  from  each  other  so  as  to  obtain  in  a  Fio.  82. 

clean  state  the  bast  fibre  is  the  object  of  the  ^y^7rf^^  a 
process  of  "  retting."  This  is  done  cither 
by  natural  means,  as  in  the  case  of  dew 
/r///V;  and  cold-witter  retting,  or  by  the  help 
of  an  artificial  process,  as  in  wnrin-n-utei- 
rttfint/  and  dn-inn-nl  rrftiny.  The  dew  ret- 
ting, applied  most  largely  in  Russia,  consists  in  leaving 
the  flax  thinly  spread  exposed  to  dew  and  rain,  air  and 
light,  for  eight  or  ten  weeks,  when,  by  the  fermentation 
of  the  peetose  matter  of  the  rind,  the  bast  fibre  is  thor- 
oughly loosened.  In  cold-water  retting  either  runnim:  of 
stagnant  water  may  be  used,  the  former  being  n-ed  in 
Belgium  and  the  hitter  in  Ireland.  The  bundles  of  flax 
are  placed  in  crates  and  submerged,  when  actual  fermenta- 
tion ensues.  The  water  must  be  soft  water,  and  care  must 
be  taken,  especially  in  the  stagnant-water  method,  t<>  prevent  undue  heat- 
ing up  during  the  fermentation.  The  warm-water  retting  mjnin-  a  tem- 
perature of  30°  to  35°  C.,  and  can  be  carried  to  completion  in  fifty  t»»  >i\ty 
hours,  yielding  an  excellent  product.  The  chemical  pn»e«>s  consists  in  the 
use  of  dilute  sulphuric  acid  or  hydrochloric  acid,  which  allow  of  the  emn- 
pletion  of  the  process  in  a  few  days.  After  the  retting  pn.ee—  the  flax 
is  well  washed  and  dried,  and  is  then  submitted  t<>  the  mechanical  processes 
of  "breaking,"  "scutching,"  and  "  haekling"  to  thoroughly  free  the  fibre 
from  the  woody  layer  and  draw  out  the  fibre-bundle.-*  into  filaments. 

The  flax  fibre  as  seen  under  the  mi«-m>c«ipr  seems  to  l>e  a  long  straight 
and  transparent  tube  with  thick  walls  and  a  minute  central  canal.  Fig.  83 
shows  these  characters  of  the  tlax  fibre.  Characteristic  tran-verse  markings 
also  are  shown,  which  may  be  nodal  divi-ion-  or  .-light  l.n-aks  or  wrinkles 
produced  by  bending.  Longitudinal  fissures  also  show  after  vigorous  rub- 
bing. The  linen  fibre  when  cleansed  has  a  blonde  or  even  white  color,  a  line 
silky  lustre,  and  great  strength.  It  is  less  pliant  and  elastic  than  cotton  but 
is  a  better  conductor  of  heat,  and  hence  seems  colder  tlian  cotton.  Chemi- 
cally it  is,  like  cotton,  a  pure  cellulose,  but  when  swollen  by  the  action  of 
amiiioniacal  cupric  oxide  solution  does  not  show  the  same  uniform  serie-  of 
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constricting  bands  of  cuticle.  Linen  is  in  many  respects  more  readily  dis- 
integrated than  cotton,  especially  under  the  influence  of  caustic  alkalies, 
calcium  hydrate,  and  strong  oxidizing  agents  like  chlorine  and  hypochlorites. 
3.  HEMP. — The  fibre  known  by  this  name  is  the  product  of  the  Can- 
nabis  saliva,  which  is  grown  for  textile  purposes  chiefly  in  Russia  and  Italy, 
while  the  seed  is  grown  in  India.  It  is  a  bast  fibre  similar  to  that  of  the 
flax-plant,  but  coarser,  stronger,  of  deeper  color  and  less  lustre.  Fig.  84 
shows  the  microscopical  characters  of  the  hemp  fibre.  Its  cultivation  is  very 


FIG.  84. 


FIG.  83. 


Flax  ( 


Hemp  ( 


similar  to  that  already  described  under  flax,  and  differs  according  as  the  fibre 
or  the  seed  are  sought.  The  freshly-plucked  hemp  loses  sixty  per  cent,  of 
its  weight  in  drying,  and  from  the  air-dried  Hemp  straw  twenty  per  cent,  of 
bast  fibre  is  obtained  in  the  case  of  the  male  plant  and  twenty-two  per 
cent,  in  the  case  of  the  female  plant.  It  is  used  chiefly  for  ropes  and  cord- 
age, and  the  fabric  woven  from  it,  known  as  canvas,  is  used  in  sail-making. 
Much  of  the  finer  fibre,  however,  is  combined  with  linen  fibre  in  weaving 
other  goods.  The  iodine  and  sulphuric  acid  test  shows  that  the  hemp 
fibre  is  not  composed  of  pure  cellulose,  but  is  a  mixture  of  cellulose  and 
bastose. 

4.  JUTE  is  the  bast  fibre  of  two  species  of  the  genus  Corchorus,  and  is 
grown  chiefly  in  India  and  Ceylon.  The  fibre  is  separated  from  the  plant  by 
methods  similar  to  those  employed  with  flax  and  hemp,  the  process  of  cold 
retting  in  stagnant  water  being  followed  generally.  The  bast  fibres  attain  a 
length  of  2.5  metres  or  even  more,  are  of  a  yellowish-white  color,  and  have  a 
fine  lustre.  It  is  seen  under  the  microscope  to  consist  of  bundles  of  stiff 
lustrous  cylinders  with  walls  of  very  irregular  thickness.  These  characters 
of  the  jute  are  shown  in  Fig.  85.  Chemically,  jute  differs  from  the  bast  fibres 
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hitherto   mention, -d    in  that   it  contain-  no  free  cellulose,  but  consists  of  the 

eliemieal  compound  of  eellulo-e  with  ligniii.tn  which  Cross  and   I'.evan,  who 

investigated  it,  gave  the  nameof  6os- 

tu«, .    It  gives,  treated  with  i«»dine  and 

sulphuric  acid,  a  deep   bn.\\  n   color. 

Moreover,  the  ba-to-e  act-  \\  ith  ba-ie 

dye  colors,  like  the  aniline  dye-,  a- 

if    it    had     been     mordanted     \\ith 

tannin,   and    can    therefore    be  d\  ed 

directly  without  previous  treatment. 

It    i-   much   more  easily  a  flee  ted   by 

the  action  of  acid-  and  alkalie-  than 

flax  or  hemp.     The  influence  of  air 

and    moisture  will   also   n.t    the  jute 

fibre.      It  cannot  be  bleached  safely 

with  chloride  of  lime  because  of  the 

readiness  with  which  the  fibre  is  oxi- 
dized, but  it  may  be  bleached  with  a 

weak  solution  of  sodium  hypochlo- 

rite  or  by  the  successive  action  of  po- 
tassium permanganate  and  sulphur- 
ous acid.  It  may  be  considered  as 

showing   more   resemblance   to   the 

animal  fibres  in  lustre  and  appear- 
ance than  any  of  the  other  vegetable 

fibres,  and    is    therefore   frequently 

mixed  with  wool,  mohair,  and  silk  in  certain  classes  of  goods. 

Among  the  fibres  of  lesser  importance  which  serve  as  substitutes  for 

hemp  and  jute  are  Manila  hemp,  Sunn  hemp,  and  Sisal  hemp.     The  tir.-t  of 

t  he-e  is  a  tropical  fibre,  obtained 
on  the  Philippine  Islands  from 
the  leaves  of  the  wild  plantain. 
The  fibre  is  obtained  by  cutting 
open  the  leaf— talk-,  which  are 
from  six  to  nine  feet  in  length, 
and  then  scraping  them  free 
from  pulpy  matter.  It  furni-he- 
a  very  -uperior  rope-making 
fibre  because  of  its  o.mbim  d 
lightness  and  strength,  and  tin- 
finer  grades  are  used  for  woven 
goods.  The  color  is  yellow i-h 
or  white,  and  the  white  variety 
has  a  fine  silky  lustre.  It  i> 


Jute,  Corchoru$  capsulari*  («f0). 


FIG.  86. 


shown  in  Fig-  s';- 

The  Sunn  hemp  is 
in  India,  and  furnishes  a  fibre 
of  light-yellowish  color  and  re- 
semble- jute,  although  le—  lu  — 

cordage  and  net  ting. 
Sisal  hemp  (or  henequeu)  is  derived  from  the  fleshy  leaves  of  a  species 


Manilahenip 


268 


VEGETABLE  TEXTILE  FIBRES. 


FIG.  87. 


of  agave  grown  in  Yucatan,  British  Honduras,  and  the  West  Indies  and 
Bahamas.  It  is  used  largely  in  the  United  States  as  a  substitute  for  jute  in 
the  manufacture  of  bagging  and  for  cordage,  being  stronger  and  lighter 
than  jute. 

Ramie  fibre  (China-grass). — The  bast  fibre  from  two  varieties  of  Boehm- 
eria  nivea,  known  in  India  as  Rhea,  in  the  Malay  Archipelago  as  Ramie, 
and  to  Europeans  as  China-grass,  has  in  recent  years  attracted  very  favor- 
able attention  from  all  interested  in  textile  industries.  It  seems  to  thrive 
best  in  the  tropics  and  requires  a  great  deal  of  moisture.  The  bast  fibre 
cannot  be  removed  from  the  woody  stems  by  the  retting  process  used  for 
flax  and  hemp,  as  the  intercellular  substance  is  so  easily  decomposed  that  the 
water  retting  rapidly  resolves  the  fibre  into  a  magma  of  separated  cells. 
The  fibre  must  be  removed  from  the  woody  stem  while  the  plants  are  in 
the  green  state,  as  when  dried  even  for  several  hours'  exposure  to  the 
sun  the  fibre  becomes  difficult  to  remove  from  the  woody  portion.  The 
length  of  the  cells  makes  it  possible  to  cut  the  ramie  fibre  into  short  lengths 
and  to  treat  the  cleansed  fibre  like  cotton  rather  than  like  a  long  bast  fibre. 
Hence  the  name  "  cottonized"  ramie  which  has  been  applied  to  that  ex- 
ported from  China.  With  improved  methods  it  is  found  possible  to  cleanse 
it  in  full  lengths,  and  the  fibre  is  worked  like  flax  rather  than  with  cotton- 
spinning  machinery.  The  machines  for  breaking  and  decorticating  the 

ramie  are  numerous,  but  few  if 
any  are  entirely  satisfactory.  The 
properly-prepared  fibre  is  of  fine 
silky  lustre,  soft,  and  extraordi- 
narily strong.  It  is  undoubtedly 
the  most  perfect  of  all  the  vege- 
table fibres,  and  will  play  a  great 
part  in  the  industries  of  the  fu- 
ture, especially  as  the  plant,  being 
a  perennial,  can  be  grown  con- 
tinuously for  years,  spreading  of 
itself  very  rapidly  and  yielding 
several  crops  yearly.  Its  culti- 
vation has  been  begun  success- 
fully in  Louisiana  and  Missis- 
sippi, and  it  can  probably  be 
extended  through  the  Southern 
States  and  Mexico,  where  it  has 
also  been  tried.  The  iodine  and 
sulphuric  acid  test  shows  the  ramie 
fibre  to  be  composed  of  a  pure 
cellulose,  which  swells  easily  and 

china-grass  (i?°).  voluminously  when  treated  with 

ammoniacal    solution    of    cupric 
oxide.     The  appearance  of  the  China-grass  is  shown  in  Fig.  87. 

Nettle  Fibre. — The  bast  fibres  of  the  common  nettle  ( Urtica  dioicd)  were 
at  one  time  prior  to  the  development  of  the  cotton  industry  used  extensively 
in  spinning  and  weaving  on  the  Continent  of  Europe,  the  cloth  made  being 
known  as  grass-cloth,  the  name  now  given  to  the  product  of  the  China- 
grass,  or  ramie.  The  fibre  when  cleansed  is  soft,  of  good  length  and  strength, 
and  quite  lustrous  and  white.  The  bast  fibres  of  the  linden  (T'dia  Ewopcea) 
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and  of  the  pai>er-mnllMTr\-trei-  (  llr<m#s,,,nti<i  />*//,///•//'./•»/•  :m-  al-<>  n-ed,  the 
funncr  I'm-  tin-  inaimtii  ••!  uiv  uf  mat-  in   liu  — ia   and    tin-    latt.-r  bv  tin-  pap 
makers  of  (  'liina  ami  .Japan. 

New  /<'nl(in<l  /•'///./•   i-  a    fibre   nl.tain.il    lV..in    the   leave*  of  /V/ori/wum 
faia&,  which  ad|mro  a  Irn-th  ,,f  uiic  t«>  two  metres,     'I'd-'  til. iv  a-  pivpand 
by  hand-6Craping,  tin-   method  <»|'  tin-    native    Ma-n-i-.  i-    -.it,  white,  ami  of 
silky  ItiMiv  ;   ae  prepared  by  machinery  it  i-  di-tiiii-tlv  inti-rim-  in  ehara* 
It-  chid'  value  i>  fur  rupe-inakin;:  ami   fur  OOMM  l«-\til«--.      Tin-  I-UJH-  miid- 
fruin  this  Jil.r,-  is,  liMNVrsvr,  w.-aU.-n.-d  \\ln-u  \\.-t  l.y  M-a-\\at<-r,  an<l  tli.-n 
must  Iw  k<'pt  \\cll  oiled. 

rim-'tjtji/c  M/n'f. — Tin-  leaves  of  the  several  varieties  of  /iraim/id  \'ie|d 
a  line,  nearly  oolorlcs>,  !il>re,  \vlii<-li  i-  \vorkc<l,  dlv  in  Hra/il,  fur  th,- 

nianuiaetui'e  of  the  sn-ealled  "  silk-irrass." 

i,*lHirt». — This  is  a  <rrass,  cultivated  especially  in  North  Africa  and 
Spain,  when-  rupes  ;ind  cordage  are  made  fruin  it.  It-  chief  u  ver, 

i-  in  connection  with  paper-making.     (See  \*.  271.) 

Cocon-niit  Fibre  (Coir). — The  coarse  fibrou-  cMveriiiLr  ««f  the  nut  ..f  the 
coco  palm  is  largely  uxil  for  brooms;  brushes,  matting,  and  coarsx-  .•arj..-t- 
in--.  The  fibre  is  coarse,  stiff,  very  elastic,  rc.und,  and  >mouth  like  liair. 
It  also  has  great  tenacity,  and  is  well  adapted  for  cordage. 

The  classification  of  the  vegetable  fibres  just  enumerated  has  alr« 
been  made  upon  the  basis  of  the  iodine  and  sulphuric  acid  reaction  accord- 
ing to  Vetillart.  Two  groups  were  thus  established,  the  une  oomp00ed 
essc'ntially  of  unaltered  cellulose  and  the  other  of  liquified  cellulu-e  l>a.stose. 
Other  reactions  for  these  two  classes  of  mat*  rial-  are  ^iveii  in  the  accuin- 
panying  table  from  O.  Witt:* 


Reagent. 

Cellulose. 

Bastose  (compound  of  cellulose  with 
lignin). 

Iodine  and  sulphuric  acid. 
Sulphate    of   aniline    with 
free  sulphuric  acid. 
Basic  aniline  dy«-. 
Weak  oxidizing  agents. 
Ammoniacal  cupric  oxide. 

Produces  blue  color. 
Indifferent. 

Indifferent. 
Indifferent. 

Immediate  solution. 

Produces  a  yellow  or  brown  color. 
Colors  deep  yellow. 

Produce  fast  colors. 
Rapid  disintegration. 
Swrllins;  up,  blue  color,  and  slow 
solution. 

To  distinguish  the  several  more  important  vegetable  fibres  tVum  each 
uthei-  when  admixed,  a  number  of  chemical  and  physical  tots  have  been 
proposed  in  addition  to  the  microscopical  study  of  the  .-tructural  ditlerences 
already  mentioned  under  the  individual  fibres. 

Thus,  according  to  Kindt's  test,  the  presence  of  cotton  fibre  in  linen 
goods  can  be  distinguished,  after  first  removing  the  size  or  dn  —  inn  1^ 
thorough  boiling  with  distilled  water  and  drying  again,  by  dipping  them 
from  one-half  to  two  minutes,  according  to  the  texture  of  the  -n-MU,  in 
cone. -titrated  sulphuric  acid.  They  are  then  well  washed  with  \\ater, 
rubbed,  dipped  for  a  moment  in  ammonia-water,  and  dried.  The  c«.ttuu 
fibre  is  either  dissolved  or  gelatinized  and  removed  by  the  rubbing,  while 
the  linen  fibre  remains  unchanged  or  hut  slightly  attacked.  By  counting 
the  flax  fibres  remaining  for  a  given  superficial  area  the  relative  proportion 
of  cotton  admixture  can  be  determined. 


Chrm.  Technologic  der  Gespiunstfasern,  p.  111. 
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The  different  effect  of  strong  caustic  potash  solution  upon  cotton  and 
linen  fibres  is  also  taken  as  decisive  at  times,  although  the  difference  is  not 
so  marked.  Both  kinds  of  fibres  shrink  in  size,  the  cotton  fibres  remain 
whitish  or  grayish  yellow,  while  the  linen  fibres  are  colored  deep  yellow  or 
orange. 

A  very  characteristic  test  is  that  given  by  Boettger.  A  piece  of  the  mixed 
goods  frayed  out  in  three  sides  is  first  dipped  in  a  one  per  cent,  solution  of 
fuchsine,  then  taken  out,  washed  in  running  water  until  this  runs  off  clear, 
and  dipped  in  ammonia-water  for  from  one  to  three  minutes.  The  cotton 
fibre  is  quickly  decolorized,  while  the  linen  fibre  remains  bright  rose-red  in 
color.  A  test  easily  applied  and  satisfactory  is  the  oil  test,  but  it  is  only 
applicable  to  white  goods  which  are  free  from  size.  The  well-dried  sample 
is  dipped  into  olive  oil,  and  then  well  pressed.  The  linen  fibres  become 
translucent  from  the  capillary  action  upon  the  oil,  while  the  cotton  fibres 
remain  white  and  dull  in  appearance. 

An  alcoholic  cochineal  solution  (one  part  of  powdered  dyestuff  digested 
with  twenty  parts  of  alcohol  of  .847  specific  gravity  for  twenty-four  hours) 
is  also  recommended  by  Bolley.  Cotton  fibres  take  a  clear  red  color  in  this 
solution,  while  linen  fibres  are  colored  violet. 

A  special  test  to  distinguish  the  fibre  of  the  Phormium  tenax  (New  Zea- 
land flax)  from  linen  or  hemp  is  given  by  Vincent.  It  is  in  the  use  of 
concentrated  nitric  acid,  which  colors  the  New  Zealand  flax  distinctly  red, 
but  does  not  change  the  other  fibres  mentioned.  (For  tests  to  distinguish 
the  vegetable  fibres  as  a  class  from  the  animal  fibres,  see  p.  262.) 

The  use  of  the  microscope,  however,  is  much  the  most  reliable  means  of 
distinguishing  the  several  fibres  when  occurring  in  admixtures,  as  the  struct- 
ural character  are  sufficiently  distinct  to  allow  of  easy  recognition  to  those 
possessed  of  some  practice. 

INDUSTRIES    BASED    UPON    THE     UTILIZATION     OF    VEGETABLE 

FIBRES, 

The  great  utilization  of  these  fibres  is  of  course  in  the  manufacture  of 
textile  fabrics  of  all  grades.  Having  described  the  fibres  which  constitute 
the  raw  materials  of  these  industries,  we  shall  pass  the  mechanical  side  of 
their  treatment  and  shall  note  the  chemical  processes  of  bleaching,  dyeing, 
and  color-printing  in  a  later  section  of  the  work  (see  p.  447),  after  the 
preparation  of  natural  and  artificial  dye-colors  has  been  described.  Other 
industries  based  upon  utilization  of  some  one  or  more  of  the  vegetable 
fibres  are  Paper-making,  Pyroxylin  and  Gun-cotton,  Collodion,  Celluloid,  and 
similar  products. 

A.    PAPER-MAKING. 
I.   Raw  Materials. 

1.  RAGS. — The  first  in  order  of  use  for  paper-making  and  still  the  most 
important  raw  materials  for  the  finer  grades  of  paper  are  linen  and  cotton 
rags.  As  the  cellulose  of  these  rags  has  already  undergone  a  process  of 
purifying  from  the  coloring  and  incrusting  matter  with  which  it  was  first 
associated  in  nature  in  its  preparation  for  manufacture  into  textile  fabrics, 
it  is  well  adapted  for  use  in  paper-making,  the  basis  of  which  is  also  a 
cellulose  fibre.  Of  course,  the  rags  may  be  of  all  grades  of  cleanliness. 
They  may  be  cuttings  obtained  in  the  course  of  manufacture  of  garments, 
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and  being  unworn  may  be  relatively  dean.  Off  they  may  U-  fragment-  nl' 
ca-t-otf  Wearing  apparel  -jathen-d  fn,m  \\a-t.--lnap~  ami  ivdxin-j  with  tilth. 

fadeed,  BO  greafl  i- the  demand  for  paper-making  stock  that  rags  are  jjath- 

ered  from  .Japan,   lvj\  pt.  and  all  pirli  of  the  world,  and  the  li  -rally 

require   careful    disinfection     ln-f<.re   they    ran    !»<•    n-ed.      Tin  \     ma\   <-..ntain 

Biang  and  China  clay  and  other  loadm-  material-,  or  they  ma\  }»•  «-,,|, .r.  d 

with  variou-  «l\«>  ami  metallic  silt-.  IJa-j-  c.,n-ideivd  a-  pa|H -r-niakin^ 
stock  must  therefore  be  a—  ..i't.-d,  and  for  trad.*  purpose-  thev  an-  divided 
into  a  largo  miming  of  grades  or  das-cs  distin.ii-ui-lu'a  b\  different  letters. 

Linen   rags  are  distinctly  superior  t'nr  pap.  -I'-makm-    to  cotton 
they  make  a  stronger  and  m<»re  dnrahle  paper. 

2.  K-1' AI:  lo. — This  Lira— ,  mentioned    under   the  vegetal)!*-  lil.i- 

269),  is  of  "Teat  importance  a>  a  paper-ma  kin-.:  material,  partienlarlv  in 
Kn^-land.  The  Spanish  variety,  ai-eord'niM  to  HIPJ..  Midl.-r,  .-..ntain-  I8.2fi 
per  eent.  and  the  African  variety  15.80  per  OCnt  "I  cullnl.^-,  Lnt  the  yii-ld 
of  bleached  fihre  obtained  in  practi«-e  probably  doe-  not  much  e\c.-(-d  forty 
percent.  The  fibre  is  tough  and  it  make-  an  excellent  paper,  \\hethcr  used 
singly  or  in  admixture  with  other  material-. 

3.  STRAW. — Asa   material    for  admixing  with   other   fibre-,  -traw-jmlp 
is  largely  used.     The  varieties  of  >tra\\  -o  mili/ed   are  oat,  \\lnat.  rye.  and 
barley.     Of  these,  rye  is  the  im»t   -nitable  on  account  of  it-  yit  Idin-   the 
largest  amount  of  fibre,  and  next  in  value  is  wheat.     The  amount  of  cellu- 
lo-r  in  winter  rye  is  given  by  Hugo  M filler  a-    17.»i(.»  per  cent,  and   in  win- 
ter wheat  as  46.60  per  eent.,  but  probably  not   more  than   thirty-ti\ 
eent.   is  actuallv  obtained    as  pulp,   much    being   l,,.-t    in   the  treatment    on 
account  of  the  loose  aggregation  of   the  cellular   ti>>ue.      Straw   contains 
more  silica  than  Esparto,  ana  hence  require-  morooda  in  the  after-treatment 
to  fi-ee  the  cellulose  and  adapt  it  for  use. 

!.  .hri:. — The  "butts"  or  "cuttings"  rejected  by  the  textile  manufac- 
turer are  largely  used  in  the  manufacture  of  the  common  grades  of  paper. 
It  possesses  a  large  percentage  of  cellulose  (i;:J.7<i  per  cent,  in  the  b.-t  fibre 
and  (J0.89  per  cent,  in  the  "  butts"),  but  it  cannot  be  economically  bleached 
to  a  white  color. 

">.  MANILA  HKMP. — This  is  very  like  jute  in  its  adaptability  for  cheap 
and  colored  papers, and  as  the  fibre  is  a  lignified  ccllulo-i-  it  require-  eon-id- 
erable  boiling  with  so»la  to  prepare  it  for  use, 

6.  WOOD  FIBRE. — Two  varieties  of  pulp  for  paper-making  may  U« 

obtained  from  wood, — viz.,  mechanically  and  chemically  pivpaivd  pulp. 
Of  these,  the  mechanical  wood-pulp  obtained  by  shredding  the  \\,,,,.l  Bervei 
for  the  inferior  grades  of  paper  only  a-  it.-  fibres  are  too  >hurt  and  do 
not  "felt"  or  interlace  sniliciently.  It  can  therefore  be  u-ed  only  as  a 
filling  material.  Moreover,  the  resin  present  re-i.-t-  -troiiuly  the  action  ,,f 


bleaching  ag«'iits,  and  the  paper  become-  yellowish  after  a  time.  <  )n  the 
other  hand,  what  is  termed  chemical  Wond-pulp  ha-  in.-t  with  great  favor  M 
a  very  pni-e  and  easily  obtainable  form  ot 'eellulo-e.  T\\o  main  processes  for 


it-  production  are  now  in  use,  the  ciiustic  soda  pi!o<-e— and  the  bi-nlphite 
process.  In  the  former,  the  wood  chopped  up  and  crushed  i-  lx.ile<l  under 
pressure  with  caustic  soda.  This  is  cither  done  in  cylindrical  Intilers  at 
pres-ures  varvini;  ironi  t'our  atmospheres  (-ixty  pounds),  as  first  u.-ed  by 
\\'att  and  Uurgess,  to  fourteen  atmosphere-  (two  humb-ed  and  ten  poim<l-). 
as  used  by  Sinclair,  or  by  I'll'/*  ivr'-  graduated  method  in  a  -eric-  of  nine 
connected  vessels,  using  low  pn  — inv-  and  partly  -aturatetl  lyes  upon  the 
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fresh  wood  and  increasing  the  pressure  and  using  fresher  lyes  upon  the 
partly-converted  wood.  Somewhat  more  than  fifty  per  cent,  of  the  soda 
used  is  recovered  again  from  the  washings.  The  alkali  process  is,  however, 
being  gradually  displaced  by  the  bisulphite  process.  As  first  proposed  by 
Mitscherlich,  acid  calcium  sulphite  was  used.  The  temperature  is  brought 
gradually  to  118°  C.,  which  is  not  exceeded,  the  pressure  being  from  two  to 
three  atmospheres.  In  Ekman's  process  acid  magnesium  sulphite  is  used, 
and  a  pressure  of  from  five  and  a  half  to  six  atmospheres  is  attained.  Still 
another  process  is  that  of  Franke,  which  uses  bisulphite  of  lime  again. 
Cross  and  Be  van  explain  the  efficacy  of  the  bisulphite  processes  by  saying, 
"  The  chief  agency  is  the  hydrolytic  action  of  sulphurous  acid,  aided  by  the 
conditions  of  high  temperature  and  pressure ;  and  the  subsidiary  agencies 
are,  (1)  the  prevention  of  oxidation;  (2)  the  removal  from  the  sphere  of 
action  of  the  soluble  products  of  resolution  in  combination  with  the  sulphite 
as  a  double  compound,  for  it  is  to  the  class  of  aldehydes  that  we  have  shown 
that  the  non-cellulosic  constituents  of  wood  belong ;  and  (3)  the  removal  of 
a  portion  of  the  constituents  in  combination  with  the  base, — i.e.,  with  expul- 
sion of  sulphurous  acid."  The  several  bisulphite  processes,  as  compared  with 
the  ones  mentioned  previously,  yield  a  larger  amount  of  pure  fibre ;  they 
preserve  its  original  strength,  which  is  not  done  when  caustic  soda  acts  upon 
the  loosened  fibre  under  pressure,  and  there  is  a  greater  economy  of  chemicals. 
7.  PAPER-MULBERRY. — In  China  and  Japan,  where  the  paper-makers 
excel  the  best  European  workmen  in  the  making  of  some  delicate  but  strong 
papers,  the  material  chiefly  used  is  the  inner  bark  of  the  paper-mulberry- 
tree  (Broussonetia  papyri/era),  the  leaves  of  which  can  be  used  in  feeding 
silk-worms.  The  strength  of  this  paper  is  due  to  the  fact  that  in  making 
the  pulp  the  long  bast-cells  are  not  broken  and  torn  as  in  European  pulp- 
ing-machines,  but  merely  softened  and  separated  by  beating.  In  taking  up 
the  pulp  in  the  mould  the  cells  are  made  to  lie  in  one  direction,  and  the 
paper  may  be  strengthened  by  taking  one  or  more  dips  in  which  the  cells 
are  made  to  lie  in  other  directions.  Some  gum  is  added  to  make  the  cells 
of  the  pulp  adhere. 

n.  Processes  of  Treatment. 

1.  MECHANICAL  PREPARATION  OF  THE  PAPER-MAKING  MATERIAL. 
— This  differs,  of  course,  according  as  the  raw  material  is  composed  of  rags, 
Esparto,  straw,  or  other  cellulose-containing  substance.  With  rags,  a  pre- 
liminary sorting  always  takes  place,  more  or  less  complete  according  to  the 
make-up  of  the  bales.  Numerous  commercial  designations  are  in  use  for 
these  different  grades  so  obtained.  We  need  only  speak  of  white  linen, 
blue  or  gray  linen,  white  cotton,  colored  linen  or  cotton,  sacking,  half  wool, 
etc.  They  are  then  cut  into  coarse  fragments  by  hand,  being  passed  rapidly 
over  broad  knives  fixed  at  a  set  angle  in  tables,  and  all  buttons  and  hard 
substances  removed.  A  thorough  dusting  or  "thrashing"  is  now  necessary 
to  remove  the  dust  and  detachable  dirt.  This  is  effected  in  large  wooden 
boxes  with  revolving  arms.  A  more  thorough  cutting  now  ensues  with  the 
aid  of  revolving  knives,  followed  in  most  cases  by  a  final  and  thorough 
dusting,  so  as  to  eliminate  as  much  dirt  as  possible  and  save  in  the  amount 
of  boiling  necessary  as  the  next  operation. 

With  Esparto  a  mechanical  sorting  or  "  picking"  is  also  the  first  opera- 
tion. The  grass  is  spread  out  on  tables  and  the  weeds,  root-ends,  etc.,  care- 
fully removed,  as  these  would  be  difficult  to  boil  and  bleach  and  would  give 
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rife    to   dark-colored    -peek-    in    the    fini-hed    jiajM-r    knoun    a-    "-heave." 
Machine.-  for  thi-  cl, -anting  of  tin-  F-parto  aiv  ftlftO  u-d  quite  largely. 

Tin-  preparation  of  mechanical  ami  chemical  \\ood-pnlp  ha-  alnadv  been 
referred  to. 

2.  r»«[i.iN<;. — The  lioiliiig  of  the  rags  with  eaustk  -..da.  .-mi-tic  lime, 
or  a  mixture  of  -..da  a-h  and  lime,  which  is  tin-  u«-\l    operat  i.-n.  i-  d.  -i-jin-d 
to  free  them    from   grease,   dirt,  and  coloring    matter.      Thi-   may    !.<•  d.-nr 
cither  iu  rotating  -plierieal  nr  cylindrical  boiler-  or  in  the  -..-railed  ••  vomit- 
ing" boiler-  de-crihed   later.      The  hoiler-  arc  often    larje   .  n-.u-jh   to   take 
t\vo  tons  of  rags  at  a  charge.      The  amount  of  alkali    u-nally  ran-.-    t'n.m 
five  t<>  ten  percent,  on  the  \\ri.jht  of  the  rags.      Soda  i-  preferred   by  many 
paj)er-makers  to  lime  on  account  of  the  greater  -..Inhility  of  the  compound- 
it  forms  although  both  are  in  general  n-e.      The  timcnf  l»nilin<j  Vttia  fr«.m 
two  to  six  hours,  according  to  the  quality  of  the  rairs  the  alkali   empln\.d. 
and  the  prc— lire.      The  use  of  hi^h  pressures  is  to  !»<•  avoided  as  t'ar  as  ].«,-- 
sible,  as  it    may  result  in  fixing  the  dirt  and  eolorini:  matter  in-t.ad  of  di  — 
solving  them.      A  pressure  of  from  three  to  four  atmn-plien-  i-  commonly 
employed.      After  the  ])ressm-e  has  hcen  allowed  to  fall,  the  li<pior  c<.llccted 
at  the  hottom  of  the  boiler  is  drawn  oft*  and  water  run  in  to  ^ive  the  rags 
a  slight  preliminary  washing.     The  charge  i-  then  drawn  off. 

In  the  ease  of  Ksparto,  the  "  vomiting"  boiler  or  other  form  of  apjwira- 
tns  for  keeping  up  a  continuous  circulation  of  the  liquor  i-  used.  A  form 
of  boiler  in  which  this  circulation  is  kept  up  by  the  use  of  a  -team  injector 
i-  shown  in  Fig.  88.  The  grass  is  put  in  through  the  man-hole  f 'ami  rests 
upon  the  false  bottom  J5.  Circulation  is  setup  by  the  >team  from  the  pipe 
D  passing  through  the  injector  K  and  drawing  the  liquor  through  the  small 
pipe  /'.  In  order  that  this  circulation  may  proceed  uniformly,  it  is  mves- 
sarv  that  the  steam  shall  enter  at  a  pressure  one  atmosphere  higher  than 
the  pressure  existing  in  the  boiler.  A  manometer,  .17,  shows  the  pressure, 
and  a  safety-valve,  T,  allows  of  the  adjustment  of  the  necessary  conditions. 
The  contents  of  the  boiler  are  discharged  through  8  at  the  end  of  the  oper- 
ation. The  boiling  takes  from  four  to  six  hours.  The  quantity  of  soda 
necessary  depends  upon  the  nature  of  the  grass,  Spanish  requiring  less  than 
African,  and  the  pressure  employed  varies  from  live  to  forty-five  pounds 
per  square  inch. 

3.  WASHING. — This  operation,  which  must  be  a  thorough  one.  takes 
place  in  a  washer  or  "breaker."     The  name  "Hollander"  i-  very  pm  -rally 
given  to  this  machine  as  well  as  to  the  similar  one  in  which   the  heating  or 
mixing  is  done.     The  Hollander  is  an  oval  iron  tub,  from  ten  to  twenty 
feet  long,  four  to  six  broad,  and  about   three  feet  high,  divided  for  two- 
thirds  or  more  of  its  length  by  an  upright  partition  known  as  the  "mid- 
feather."     The  details  of  its  construction  may  be  seen  from  Figs.  8t>  and 
90.     The  roll   A   carries  upon  its  circumference  a  numl>er  of  steel  kniv. - 
and   revolves  on  one  side  of  the  M mid-feather,"  or  longitudinal  divi>i«.n 
Q  Q  (Fig.  90).     The  floor  on  this  side  is  raised  in  a  way  as  to  bring  the 
pulp  well   under  the  roll,  as  shown  by  the  line  J  O  l\  i  Fig.  89).      Imme- 
diately under  the  roll  is  the  "bed-plate,"  shown  at  0,  and  provided  with 
knives  similar  to  those  in  the  roll  A,  but  set  with  their  edges  in  the  op- 
posite direction.     The  distance  between  the  roll  and  the  bed-plate  can  be 
varied  at  will  by  means  of  the  hand-wheel   //  and  the  mechanism  shown 
at  k  and  i  (Fig.  90).      After  passing  between  the  roll  and  the  bed-plate, 
the  pulp  flows  down  the  "  back-fall"  A'  A",  and  finds  its  way  around  to  the 

18 
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other  side  of  the  mid-feather.  On  the  inclined  part  of  the  floor  and  im- 
mediately in  front  of  the  bed-plate  a  small  depression  is  made  at  E,  covered 
with  an  iron  grating,  for  the  purpose  of  catching  buttons,  small  -pieces  of 
stone,  and  other  foreign  substances  that  may  have  found  their  way  into  the 
rags  or  other  paper  stock.  The  dirty  water  from  the  rags  is  removed  by  the 
"  drum-washers"  R  E.  The  ends  of  the  drums  are  of  wood,  and  the  circum- 
ference is  covered  with  fine  copper  or  brass  wire-cloth.  The  wash-water 


passes  through  the  wire-cloth  into  the  compartment  shown  in  R,  and 
passing  towards  the  narrower  end  of  the  inner  conical  tub,  flows  out  through 
the  side  of  the  drum  into  a  trough  placed  to  receive  it. 

In  washing  the  rags  in  this  machine,  the  tub  is  partly  filled  with  water, 
the  rags  from  the  boiler  dumped  in,  and  the  operation  begun.  The  action 
of  the  roll  thoroughly  mixes  pulp  and  water  and  sweeps  the  rags  up  the 
incline  and  over  the  back-fall  K.  The  dirty  water  then  passes  away 
through  the  drum-washer,  the  supply  of  pure  water  being  so  regulated  as 
to  keep  the  level  constant.  When  the  water  begins  to  run  oif  clear  the 
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supply  is  stopped,  the  washer  -till  Ix-in^  k.-pt  in  action.      A-  tin-  level  falU, 
the  dniin  i-  lowered  hy  in.  -an-  of  tin-  handle  //.      When  Milliriently  drained, 

the  pulp  is  discharged  fchroogh 

the  valves  (  '  (  '  in  the  hoUoin  ,,)' 
the  washer.  It  is  now  ready  to 
he  hleaehed.  Thi>  may  !.<•  done 
in  the  washer  itself  or  in  -eparatc 
engine-  called  "potcher-."  If 
d.ine  ill  the  washer,  a  solution  of 

bleaching-powder  is  mn  in  alter 

the  \vith<lra\\al  of  the  \\ash-water 
and  the  action  of  the  roll  con- 
tinued. 

Ksparto  is  generally  washed 
in  exactly  the  same  way  as  that 
just  described  for  rags,  but  in 
sonic  mills  the  grass  is  washed 
in  a  series  of  connected  lixivia- 
tini:  tanks  like  those  used  in  al- 
kali-works. Pure  water  flows 
in  at  one  end,  passes  through 
fresh  lots  of  grass  in  succession, 
and  issues  at  the  farther  end 
highly  charged  with  the  soluble 
products  of  the  grass.  The 
washed  and  broken  pulp  now 
goes  by  the  name  of  "  half-stuff." 

4.  BLEACHING.  —  This  is 
done  with  the  aid  of  chlorine  or 
a  solution  of  calcium  or  sodium 
hypochlorite.  The  use  of  chlo- 
rine gas,  once  largely  practised, 
has  been  almost  entirely  super- 
seded by  the  hypochlorite  solu- 
tions, as  chlorine  is  liable  to  form 
difficultly  removable  compounds, 
and  it  also  tends  to  attack  and 
weaken  the  fibre  of  the  pulp. 
When  chlorine  is  used,  2.5  to  5 
kilos,  of  salt  are  taken  as  needed 
for  100  kilos,  of  "half-stuff." 

The  solution  of  calcium  hypo- 
chlorite must  be  used  perfectly 
clear  and  free  from  undissolved 
hydrate  or  carbonate.  A  s<  dntion 
of  6°  Twaddle,  which  contains 
about  half  a  pound  of  bleaching- 
powder  to  the  gallon,  is  com- 
monly used.  An  addition  of  hy- 
drochloric or  sulphuric  acid  to 

the  bleaching-liqaor  is  sometimes  made,  but  this  must  be  done  with  care  so 
as  not  to  liberate  chlorine  instead  of  hypochlorous  acid.     This  danger  from 
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FIG.  90. 
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free  chlorine  i-  -nater  when  highly  lignificd  fibres,  such  as  wood  or  jute, 
are  used.  The  bleaching  is  often  etl'ected  by  , -ombming  a  preliminary  tV 
incut  in  the  "  poteher"  oi  \\ashcr  with  a  suh~c.|u«  nt  prolonged  steeping  jn 
tanks.  A  proeo-  ha-  been  recently  proposed  l,\  1'roli  —  or  Limp-  involving 
the  use  of  arctic  acid.  The  quantity  required  U  very  -mall.  M  dunn-  the 
process  of  bleaching  it  becomes  regenerated.  Any  free  lime  in  the  -olution 
is  fir>t  nearly  ueiitrali/.ed  with  a  cheajM-r  acid,  Mich  a>  hydro. -hloric  or  sul- 
phuric acid,  followed  by  the  addition  of  the  acetic  acid.  The  process  18 
-aid  by  < 'ro>s  and  lie  van  to  give  excellent  results  with  high-ela  —  material, 
such  as  the  heM  cotton  and  linen  ra^s,  '"it  i>  ii"t  t..  I,,  ri-i-i.uiniendcd  for 
materials  like  straw  or  Ksparto. 

A  process  invented  by  Thompson  is  also  said  to  \w  very  effective  for  the 
hleachiiii:-  of  ra«j;s.  It  COUHMS  in  >atnratiniir  the  material  with  a  \\eak  >olu- 
tion  of  bleachin^-powder  and  then  expo-iu-  them  to  the  action  of  carbonic 
acid  o-as.  The  bleaching  action  is  thus  made  very  rapid  and  <  tl'ecti 

One  of  the  most  recent  innovations  in  bleaching  is  the  application  of 
electricity  in  this  connection.  The  only  process  that  has  yet  attracted  much 
attention  is  that  of  M.  Hermite.  It  is  thus  described  by  Cross  and  Jievan  :* 
"This  process  is  based  upon  the  electrolysis  of  a  solution  of  magnesium 
chloride,  this  salt  having  been  found  to  give  the  most  economieal  n-ults. 
The  solution,  at  a  strength  of  about  2.5  per  cent,  of  the  anhydrous  salt 
(MgCl2),  is  elect  rolyxed  until  it  contains  the  equivalent  of  about  three  grammes 
of  chlorine  per  litre.  This  solution  is  then  run  into  the  '  jwtclier'  con- 
taining the  pulp  to  be  bleached ;  a  continuous  stream  is  then  kept  up,  tin- 
excess  being  removed  by  means  of  a  drum-washer.  This  excess,  which, 
after  being  in  contact  with  the  pulp  in  the  engine,  is  more  or  less  deprived 
of  its  bleaching  properties,  is  then  returned  to  the  elect mly/ing- vat,  when 
it  is  again  brought  up  to  normal  strength.  The  electroly/<d  solution  has 
been  found  to  possess  very  remarkable  properties  which  have  <  on-iderable 
bearing  upon  the  economy  of  the  process.  If  a  solution  l>e  taken  ,,f  e<jual 
oxidizing  efficiency  with  one  of  calcium  hypochloritc,  as  indicated  by  the 
arsenious  acid  test,  it  is  found  that  the  former  possesses  greater  bleaching 
efficiency  than  the  latter  in  the  proportion  of  five  to  three.  Moreover,  tin- 
bleaching  is  much  more  rapid  and  the  loss  of  weight  which  the  -ub-ta: 
undergo  is  less  for  equal  degrees  of  whiteness  obtained."  Further  details 
of  this  process  will  be  found  in  the  article  b\  Cross  and  lievan  in  the 
"Journal  of  the  Society  of  Chemical  Industry,"  for  April,  1887. 

The  removal  of  any  excess  of  chlorine  or  bleaching-liquor  must  now 
be  looked  to.  This  is  done  either  by  careful  washing  or  by  the  u-c  of  an 
"antichlor."  The  first  method  has  the  advantage  of  not  only  removing 
the  bleach  but  also  of  the  chloride  of  calcium  which  has  Uvn  formed  from 
it.  It,  however,  takes  some  time  and  consumes  a  large  amount  of  water. 
Much  more  general  is  the  use  of  an  "  antichlor."  The  commonc-t  of  th.  §6 
is  sodium  thiosnlphate  (or  hyposulphite,  as  it  is  commonly  called  i.  This  is 
ordinarilv  decomposed  according  to  the  reaction  '2  <  a((  '1())2)  -f  NajS2Oj-|- 
H2O=2CaSO4-r-2HCl-h2Na(M,  but  when  the  solutions  a're  very  dilute, 
sodium  tetrathionate,  NajS4O,5,  and  caustic  soda  and  lime  are  formed.  For 
the  first  equation  two  hundred  and  forty-eight  parts  of  commercial  thio-ul- 
phate  are  required  to  neutral  i/.e  four  hundred  and  nine  parts  of  bleaching - 
powder  of  thirty-five  per  cent,  available  chlorine  strength.  The  various 

*  Text-book  of  Paper-Making,  p.  115. 
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sulphites  are  also  in  use  as  antichlors,  sodium  sulphite  being  the  most  im- 
portant. A  cheap  antichlor  is  also  made  by  boiling  together  lime  and 
sulphur,  the  resultant  calcium  sulphide  solution  containing  a  mixture  of 
calcium  thiosulphate  and  calcium  pentasulphide.  This  last-mentioned 
preparation  is,  however,  objectionable  on  account  of  the  free  sulphur 
formed,  as  this  affects  the  pulp  injuriously.  Whatever  antichlor  is  used, 
an  excess  should  be  avoided,  as  it  may  act  upon  the  color  or  size  added  sub- 
sequently. The  antichlor  should  therefore  be  added  in  successive  small 
portions,  and  any  hypochlorite  solution  still  remaining  be  tested  for  from 
time  to  time  with  iodide  of  starch  paper,  which  will  be  turned  blue  as  long 
as  hypochlorite  remains. 

5.  BEATING. — The  bleached  pulp,  or  "  half-stuff,"  is  not  yet  in  condi- 
tion for  making  an  even  paper,  as  the  fibre  has  not  been  sufficiently  disinte- 
grated.    This  is  now  effected  in  the  beating-engine,  which  is  a  hollander 
very  similar  to  the  breaker  already  illustrated,  except  that  the  roll  carries 
more  knives  and  it  is  usually  let  down  much  nearer  the  bed-plate.     The 
half-stuff  is  furnished  in  successive  portions  to  the  beater  previously  par- 
tially filled  with  water,  each  successive  portion  being  allowed  to  mix  thor- 
oughly with  the  water  before  another  lot  is  added.     This  is  continued  until 
the  mass  is  so  thick  that  it  will  only  just  turn  round  under  the  action  of  the 
roll.     The  operation  of  beating  is  designed  to  be  a  more  complete  breaking 
or  tearing  apart  of  the  fibres  rather  than  a  cutting,  as  this  latter  result 
would  interfere  with  the  felting  of  the  fibres  so  necessary  in  paper-making. 
Cotton  and  linen  rags  naturally  take  longer  than  most  other  paper-making 
material,  taking  often  as  much  as  ten  hours ;  wood-pulp  requires  to  be  very 
gently  and  slowly  beaten,  so  that  it  requires  some  six  hours ;  while  Esparto 
is  sufficiently  disintegrated  in  from  two  to  four  hours.    In  making  the  finer 
grades  of  paper,  the  roller  bars  or  knives  instead  of  being  made  of  steel 
are  made  of  bronze,  so  that  contamination  with  oxide  of  iron  is  avoided. 

Beaters  of  a  totally  different  form  of  construction  are  also  largely  in 
use.  Thus,  in  the  Jordan  beater  the  roll  is  in  the  shape  of  a  truncated 
cone,  fitted  with  knives  and  revolving,  in  an  iron  box  of  corresponding 
shape,  and  also  fitted  with  knives  set  at  an  angle.  In  the  Kingsland  en- 
gine and  the  Gould  engine  a  circular  plate  furnished  with  knives  revolves 
against  one  or  more  stationary  plates  similarly  fitted,  somewhat  after  the 
manner  of  millstones.  The  half-stuff  is  even  more  thoroughly  disintegrated 
in  these  beaters  than  in  the  ordinary  forms. 

6.  LOADING,   SIZING,    COLORING,    ETC. — Except  in   the   very   finest 
papers,  some  mineral-loading  material  is  incorporated  with  pulp  when  in 
the  beater.     This  is,  of  course,  in  the  main  for  cheapening  purposes,  but 
also  serves  the  useful  purpose  of  filling  the  pores  of  the  paper  and  enabling 
it  to  take  a  better  surface  in  the  subsequent  operations  of  calendering.     Such 
loading  materials  are  China  clay,  or  kaolin,  sulphate  of  lime,  or  "pearl 
hardening,'7  barium  sulphate,  precipitated  chalk,  bauxite,  precipitated  mag- 
nesia, and  magnesium  silicate,  or  "  agalite."    The  amount  added  varies  from 
two  to  three  per  cent,  to  twenty  per  cent.,  or  in  rare  cases  even  more. 

All  papers  except  blotting-papers  have  also  to  be  sized.  This  is  for  the 
purpose  of  filling  the  pores  with  some  material  that  will,  to  some  degree  at 
least,  resist  the  action  of  water.  Thus,  all  writing-papers,  and  in  general 
printing-papers  also,  are  sized  to  prevent  the  ink  applied  to  them  from  run- 
ning. This  is  done  either  by  what  is  termed  "  engine-sizing" — that  is,  in 
the  beating-engine  itself — or  by  "  tub-sizing,"  when  the  paper  as  it  goes 
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through  the  Fourdrinicr  machine  (-e<-  l><  low)  juissts  through  a  tub  of  gela- 
tine -i/e  and  tak<--  a  la\er  of  the  same  on  either  Mirface. 

In  ••  enn-inc-si/mg"  a  m-iu  -up  i-  fir-t  add-  d  to  tin-  pulp  in  tlie  beater, 
an<l  when  this  is  thoroughly  ineorpMmt,  d  a  -olntiou  of  alum  i-  run  in,  form- 
ing, as  it  lias  been  gem-rally  -uppo-ed.  a  iv-inate  ol'  alumina,  which  i-  water 
iv-Mant  when  dried.  \Vur-ter  '  <-lairns  to  have  >lin\\n,  however.  that  the 
si/ing  in  this  case  is  not  dm-  to  tin-  formation  of  a  re-mate  of  alumina  hut  • 
separation  of  five  n-in,  and  in  tin-  result  he  ha-  L-cn  support.-*!  l.v  <  'onradin.f 

With  the  re-in  >.»ap  i-  aUo  adde<l  some  Man-h,  and  the  ipiantitv  of  n. 
ro-in  and  March  is  usually  I'rom  three  to  1'oiir  pound-  to  the  one   hundnd 
pounds  of  |)iilj). 

The  pup  although  bleached  is  rarely  white  enough  to  produce  a  « 

white  paper,  and  the  yellowish  tint  requires  to  be  neutral  i/.e<l  h\  thea<ldition 
ll 


of  small  (juantitiesof  blue  and  j>ink  enlorin-^  matt-rial,  ritramarim-,  -malt, 
and  aniline-blue  are  used  for  the  first  color,  and  either  cochin,  al,  I'.ia/il- 
wood,  or  aniline-red  for  the  second.  The  paper  may  be  colored  through- 
out any  desired  color  by  using  rags  previously  dyed,  or  by  adding  to  th«- 
bleached  pulp  in  the  beater  the  necessary  dyes  or  pigments. 

7.  MANUFACTURE  OF  PAPER  FROM  THE  PULP.  —  \\V  have  to  con- 
sider here  two  different  products,  —  viz.,  hand-made  paper  and  machine- 
made  paper.  The  former  is  made  by  taking  in  the  mould  upon  the  "d«  <  k<  1," 
or  wire-cloth  frame,  just  sufficient  of  the  prepared  pulp  diluted  with  water 
to  make  a  sheet  of  paper.  As  the  water  drains  through  the  wire-cloth  and 
leaves  the  fibres  spread  out  upon  the  surface,  the  felting  operation  is  assisted 
by  shaking  the  frame  gently  from  side  to  side.  The  mould  with  the  sheet 
of  paper  is  then  turned  over,  and  the  sheet  thus  transferred  from  the  win- 
to  a  piece  of  felt.  When  a  number  of  sheets  have  been  thus  prepared,  they 
arc  piled  up  with  alternate  sheets  of  felt  and  the  whole  subjected  to  strong 
pressure  to  expel  water.  They  are  then  sized  if  required  by  dipping  them 
into  a  solution  of  gelatine,  again  pressed,  and  hung  up  to  dry.  When  dry 
they  are  calendered  or  pressed  between  hot  metal  rolls. 

Machine-made  paper  is  made  on  what  is  universally  known  as  the 
Fourdrinier  machine,  of  which  an  improved  form,  as  manufactured  by  the 
Pusey  and  Jones  Company,  of  Wilmington,  Delaware,  is  shown  in  Fig.  91. 
We  cannot  here  describe  the  various  mechanical  details  of  this  machine,  but 
may  summarize  by  saying  that  it  consists  of  an  endless  mould  of  wire-cloth 
on  to  which  the  prepared  pulp  flows  from  the  "  stull'-chest"  through  a  "  regu- 
lating-box" and  over  the  "  sand-table"  and  the  "  screen."  From  the  deckel 
wire  it  now  passes  through  a  series  of  rolls,  at  first  covered  with  iclt  and 
later  of  smooth  heated  metal  known  as  the  "  dandy-roll,"  the  -  <-ou<-h-rolls," 
the  "  pres--mlls,"  the  u  drying  cylinders,"  and,  finally,  the  "  calenders."  The 
action  of  the  machine  is  a  continuous  one,  and  the  speed  of  the  Fourdrinier 
i<  from  >i\ty  to  two  hundred  and  forty  feet  per  minute,  —  the  latter  for  cheap 
newspaper,  the  former  for  the  best  paper  requiring  the  nm.M  care. 

What  i<  known  as  "tub-si/ing"  is  applied  to  many  machine-made 
papers  in  the  course  of  their  passage  through  the  Fourdrinier.  A  filtered 
solution  of  gelatine  is  used  to  which  about  twenty  per  cent  of  its  weight 
of  alum  has  been  added.  A  certain  quantity  of  soap  is  also  often  added, 
a  white  soap  free  from  resin  being  used. 

Instead  of  the  Fourdrinier,  what  are  turned  cylinder-machines  are  also 

*  Wagner's  Jahrt-sbericht,  1878,  p.  1  1  V,.  f  Ibid.,  1879,  p.  1106. 
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in  use,  in  which  a  large  dram  or  cylinder  oovered  \\ith  \\-in--rintli  revolve-  in 

the  vat  eMntaining  tin-  pulp.  As  it  revolve-  tin-  libiv-  attach  thcm-eke-  to 
tin-  win- ami  the  \\aler  i-  -ncki-d  through  tlie  m< -he-  by  a  partial  vacuum 
within.  The  sheet  of  paper  thu-  formed  i-  taken  <>u  t..  an  endle--  1'elt  pasrt- 
ing  over  a  conch-roll,  which  revolve-  in  e,,nlact  \\ith  the  hollow  drum,  and 
thence  passes  to  a  large  drying  cylinder  heated  by  st<-am.  I 'a per  made  on 
such  a  machine  is  weaker,  however,  than  that  made  ,,M  th.  Founlrini.  r, 
because  it  has  not  been  found  p«i-.-ihle  to  -ive  th«'  -hakim:  moti,,n  to  th.- 
cylinder  necessary  to  produce  the  felting  of  the  fibres. 

ffl.  Products. 

The  products  are  almost  without  nunnVr,  and  vary  not  only  in  dilVen  nt 
countries,  but  even  locally  from  time  to  time  a-  different  milK*  change  their 
production.  \\'e  will  therefore  attempt  «>nly  a  general  clarification  <,f  the 
main  varieties. 

1.  1)1.01  i  INC-  AND  TISSUE-PAPER. — These  are  nn-i/ed  papers.     I'.lot- 
ti  nil-paper  is  amass  of  loosely-felted  fibres,  which,  h«.  \\e\.i\  i-  five  tn,m 
any  loading  or  filling  material,  and  therefore  is  etipable  of  easily  and<piickly 
taking  up  water  or  other  liquids.     It  may  be  white,  ^ray.  or  «•,,!., n-d  to  any 
shade  by  the  addition  of  the  proper  dyes.     Tissue-papers   \\hieh   a-   th« 
name  indicates  arc  the  thinnest  of  all  papers,  are  maoe  from  very  strong 
fibres,  such   as  that  of  hemp-bagging  and  cotton   canvas,  and  on  machine- 
somewhat  different  from  the  ordinary  Fonrdrinier. 

2.  WRAPPING-PAPERS. — These    are    partially-si/ed    pajMTs    of   coarse 
materials,  such  a>  .Mraw,  jute,  Manila  hemp,  common  raj-.  <  t«  .     They  may 
show  the  natural  color  of  the  materials  or  may  IK?  colon  d,  a-  in  the  case  of 
the  blue  wrapping-paper  commonly  used  for  packing  r-nnar.     A  m«  -re  -t  n  -n-lv 
sized  and  calendered  wrapping-paper  is  made  for  use  with  linens  and  other 
textile  goods. 

3.  PRINTING-PAPERS. — These  are  white  paper-,  -,  m-rally  with  fillini: 
and  sizing  material,  although  some  special  grades  are  given  a  -month   -ur- 
&oe  by  calendering  instead  of  sizing.    The  cheaper  gradee  ioi-  neu-pap.i- 
use  are  frequently  largely  adulterated  with  filling  material,  and  mcH-hanieal 
wood-pulp  is  also  largely  used  in  their  manufaetiire. 

4.  Wi: n  ING-PAPERS. — These  are  thoroughly— i/cd  papers,  for  which  the 
best  materials  arc  generally  used,  linen  rags  alone   being  taken  for  the  finer 
grades. 

5.  CARDBOARD,  PASTEBOARD,  AND  PAPIK.K-M  \<  HI':. —  Ta-t.  board  may 
be  made  by  pressing  a  numlwr  of  sheets  of  freshly -formed  un-i/«  d  paper  in 
powerful  presses,  OF  cementing  them   together  by  the   use  of  glue  ,,r  other 
cementing  material,  and  then   pre-.-ini:  the  mass  so  formed.     Cardboard   i- 
made  direct   upon    machines  adapted    for   heavy  layers  of  pulp  and    pn— ed 
and   calendered    like  similar  gra<les   of  ordinary    paper.      Papier-ma,  he   i- 
made  chiefly  from  old  |>aper  by  boiling  to  a  pulp  with  water,  pres.-mg,  mix- 
ing with  gliie  or  starch  ]>aste,  and  then  pn— in--  in  moulds  previously  oiled. 
After  drying,  the  articles  are  soaked   with   linseed  oil  and   then  dried  at 
higher  temperature. 

6.  SIDE-PRODUCTS. — Rcc»r,,-«l  Xoda. — The   alkaline    liquors  in  which 
ra-s,  Esparto,  and  other  paper-making  material  have   been   boiled  were  at 
onetime  run  otV  ae  waste  product-.     This  is  no  longer  done  in  properly- 
conducted  mills,  as  the  alkali  used  can  be  recovered  in  the  form  of  carbon- 
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ate  by  evaporation  of  the  waste-liquor  and  ignition  of  the  residues,  and  this 
carbonate  can  then  be  causticized  and  fitted  for  renewed  use.  The  soda 
during  the  process  of  boiling  with  the  paper-making  materials  takes  up  a 
large  amount  of  non-cellulose  fibre  constituents,  such  as  resin,  coloring  mat- 
ter, and  silica.  These  on  evaporation  and  ignition  become  either  carbonate 
or  silicate.  It  will  not  be  possible  for  us  here  to  describe  the  forms  of 
evaporators  in  use  for  this  soda  recovery.  One  of  the  best-known  evapora- 
tors is  that  of  Porion,  used  largely  in  England  and  on  the  Continent.  For 
a  description  of  this  and  other  forms,  see  Cross  and  Bevan's  "  Text-book  of 
Paper-Making,"  p.  182.  The  Yaryan  multiple-effect  evaporator  (see  p.  125) 
is  also  being  introduced  for  concentration  of  the  spent  liquors. 

The  recovered  soda  consists  essentially  of  carbonate  of  soda,  together 
with  a  certain  amount  of  silicate  of  soda  if  the  liquor  had  been  obtained  by 
boiling  straw  or  Esparto.  The  causticizing  is  done  in  the  usual  way  with 
caustic  lime  and  the  clear  alkali  decanted  from  the  separated  calcium  car- 
bonate, which  is  then  thoroughly  washed. 

IV.   Analytical  Tests  and  Methods. 

1.  DETERMINATION  OF  THE  NATURE  OF  THE  FIBRE. — This  may  be 
done  in  part,  if  not  wholly,  by  either  of  two  methods, — viz.,  by  the  aid  of 
the  microscope  or  by  the  use  of  chemical  tests  for  individual  fibres.  The 
fibre  is  always  torn  or  cut  and  often  somewhat  attacked.  By  some  practice, 
however,  it  is  possible  to  distinguish  between  cotton  and  linen  or  to  identify 
both  in  admixture.  Wood  and  straw  can  also  be  identified.  In  making 
these  tests,  it  is  best  to  take  strips  of  the  paper  in  question  and  boil  them  in 
succession  with  alcoholic  potash  solution,  with  water,  with  two  per  cent, 
hydrochloric  acid,  and  then  again  with  water.  If  they  are  now  shaken  up 
with  a  little  warm  water,  we  obtain  a  fine  magma  of  fibres,  which  when 
mixed  with  an  equal  volume  of  glycerine  is  well  adapted  for  examination 
under  the  microscope.  The  distinctive  characters  of  some  of  the  chief 
paper-making  materials  as  seen  under  the  microscope  may  be  thus  summa- 
rized, according  to  Cross  and  Bevan  :  *  Cotton, — flat,  ribbon-like  fibres,  fre- 
quently twisted  upon  themselves.  The  ends  generally  appear  laminated. 
Linen, — cylindrical  fibres,  similar  to  the  typical  bast  fibre.  The  ends  are 
frequently  drawn  out  into  numerous  fibrillae.  Esparto, — the  pulp  consists 
of  a  complex  of  bast  fibres  and  epidermal  cells.  The  most  characteristic 
feature  of  Esparto  pulp  is  the  presence  of  a  number  of  fine  hairs  which  line 
the  inner  surface  of  the  leaf,  some  of  which  still  remain  after  the  boiling 
and  washing  processes.  The  presence  of  these  hairs  may  be  taken  as  conclu- 
sive evidence  of  the  presence  of  Esparto.  Straw, — this  closely  resembles 
Esparto-pulp  in  microscopical  features,  except  that  the  hairs  are  absent. 
On  the  other  hand,  a  number  of  flat  oval  cells  are  always  present  in  paper 
made  from  straw.  Chemical  ivood-pidp, — flat  ribbon-like  fibres,  showing 
unbroken  ends.  The  presence  of  pitted  vessels  is  eminently  characteristic 
of  pulp  prepared  from  pine-wood.  Mechanical  wood-pulp  may  be  recog- 
nized by  the  peculiar  configuration  of  the  torn  ends  of  the  fibres  and  from 
the  fact  that  the  fibres  are  rarely  separated,  but  generally  more  or  less  ag- 
glomerated. The  pitted  vessels  of  pine-wood  also  show,  and  usually  more 
distinctly  than  in  chemical  wood-pulp. 


Text-book  of  Paper-Making,  p.  199. 
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Tin-  chemical   rea-ent    most  Useful   in   t.-Min-    paper-pulp  i,  aniline  sul- 
phate.     \\'itli   most  of  the    fil.iv>  \\hich   COIttid  of  ccllul..-,    nniplv  it 
no    ivacti«'ii.      Straw,  K.-parto,  and    mechanical  \\ond-pulp  .an,  however.  !«• 
identified  by  its  means.      Tim.-,  \\lien-  pa|n  i-  containing-  .-tra\\  or  K-par 
treated  for  -onie  t  ime  with  a  boiling  one  p<  r  ,  ,  m.  -,  ,1m  j,,M  ,  ,f  aniline  -ulphate. 
a  pink  color  is  produced.       Impart.,  gfaei  'he  n-a.  tion  with  great,  r  intently 
than  straw.      Mechanical  wood-pulp  treated  with  this  solution  d>  vdO|M  • 
in   the  cold  a  deep-yellow  color.      According  to   I'.ollry,'   the   moMi-nim:  ,,f 
paper  containing  mechanical  wood-pulp  with  nitric  acid  will  give  the  -am.- 
rc-ult,  and  a  naphthylamine  salt  produce-  a  deeper  orange  color.      A««ord- 
in-j;  to  Wiescnei1,  phloroglucin  is  al-o  a  d«-li«-at«-   reagent    lor  \\i..,d    tihre  in 
|>aper.      A  di-op  of  dilute  solution  of  phloroirlucin  put    iijH.n  the  paper  and 
this  followed  by  moistening  with   hydrochloric  acid  develop-  an   inten-  1\ 
red  color.      Fuehsine  also  colors  wood  fibre  red,  but  has  no  etleet   upon 
paper  from  linen  fibre  alone. 

M.  Wurster  in  'Mourn,  de  Pharni.  et  Chemie"  has  «-\t.-nd«-d  Wiesener's 
observation  on  phloroglucin  to  a  number  of  the  phenol-,  finding  them  as  a 
class  to  serve  as  reagents  for  distinguishing  bet\\<  -en  \\ood-pnlp  and  other 
cellulose.  The  results  are  : 


Reagent.  Wood-pulp. 

Orc-in   ...................  Dark  red. 

Kesorcin      .................  D.-.-p  ^reen.  \     >let 

Pyrop;allol  .................  Hlm-nriM-n.  \    -let 

Phenol    ..................  Yi'llnw-uiv-n.  Violet 

Phloroglucin      ...............  IJlu<--vi..l.-t.  No  color. 

According  to  Godeffroy  and  Coulon,  mechanical  wo..d-ptilp  from  pine- 
wood  possesses  the  property,  after  it  has  been  extracted  with  water,  alcohol, 
and  ether,  of  reducing  gold  solutions  on  boiling.  This  pro|x»rty  is  imt  pos- 
sessed by  wood-pulp  prepared  by  the  caustic  soda  or  sulphite  processes,  aft-  i 
similar  extraction  with  solvents,  nor  by  the  pulp  prepared  from  linen  or 
cotton  fibres.  This  property  depend-  upon  the  tact  that  in  mechanical 
WOod-pulp  ligHO-CellulO8e  remain-,  and  to  this  Composition  is  due  the  n  - 
dueing  power  upon  o-,,ld  solutions.  This  ligno-eellulosc  i-  dc-tn.ycd  in  the 
pre])aration  of  chemical  wood-pulp,  and  does  not  e.\i-t  at  all  in  the  linen  or 
cotton  fibre.  It  has  been  found  that  on  the  average  one  hundred  parts  of 
mechanical  wood-pulp,  extracted  with  solvents  and  dried  at  Inn-  (  '.,  will 
reduce  fourteen  thousand  two  hundred  and  eighty-five  gramme-  of  L"ld.  It 
is  thus  made  possible  hy  weighing  the  reduced  u.old  to  e-timatc  the  amount 
of  mechanical  wood  entering  into  the  composition  of  the  pajwr.  For  details 
of  the  analytical  method  ba-ed  upon  this  gold  reaction,  see  IJolley's  "  Hand- 
buch  der  Technisch-Chem.  Untersuchungen,"  6te  Auf.,  p.  1007. 

2.  DETERMINATION  or  TIM-:  NATI  1:1   «.i    LO\I»IN<.  M  \TI.IMAI>.  —  The 
total   amount  of  the   mineral-loading   material    is  determim-d  l.y  igniting  a 
weighed  quantity  of  the  paper  until  the  ash   is  white  or  gra\  i-h  and  then 
accurately  weighing  this.     The  ash  from  a  pajxT  containing  the  (  'hina  day  i- 
insoluble  in  boiling  dilute  hydrochloric  acHa;  that  from  paper  containing  cal- 

cium sulphate  is  soluble,  and  deposits  on  -landing  needle-shaped  cry.-tals  of 
gypsum  easily  recogni/able  by  chemical  tc.-t-. 

3.  DETERMINATION   AS   TO    NATI-KI-:  or  TIN-:  SI/INC;    MATI:I:IAI,S.  — 
The  iodine  test  serves  to  indicate  the  use  of  <taivh  in  the  H/C,  as  it  produces 


*  Handbuch  der  Technisch-Chem.  Untersuchungen,  Gte  Auf.,  p.  1006. 
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the  well-known  blue  color.  Extraction  of  the  paper  with  alcohol  contain- 
ing a  "few  drops  of  acetic  acid  serves  to  show  the  resin  used  in  the  size.  The 
alcohol,  after  cooling,  is  poured  into  four  or  five  times  its  bulk  of  water, 
when  the  resin  separates,  producing  cloudiness  or  turbidity.  Or,  after  ex- 
traction, the  alcohol  is  evaporated,  leaving  the  resin  capable  of  being  identi- 
fied by  its  properties.  Notable  quantities  of  alumina  in  the  ash  also  point 
to  the  use  of  resinate  of  alumina  as  sizing  material.  According  to  Wurster, 
if  between  two  sheets  of  paper  which  have  been  sized  with  resin  is  pressed 
paper  moistened  with  tetramethylparaphenylen-diamine  solution,  a  bluish- 
violet  color  is  produced,  while  paper  free  from  resin  is  not  affected.  Boil- 
ing of  the  paper  sample  with  distilled  water,  filtering,  and  adding  a  few 
drops  of  tannic  acid  solution  will  serve  to  show  the  presence  of  gelatine 
sizing.  If  present,  a  white  curdy  precipitate  is  formed  on  the  addition  of 
the  tannic  acid. 

4.  DETERMINATION  OF  THE  NATURE  OF  THE  COLORING  MATERIAL. 
— In  deciding  as  to  the  presence  of  coloring  matter,  we  must  bear  in  mind 
the  reactions  of  the  commoner  pigments  used.  Ultramarine  is  destroyed 
and  decolorized  on  addition  of  acids ;  Prussian  blue  is  decolorized  by  heat- 
ing with  alkalies ;  indigo  is  decomposed  by  heating  with  chlorine  or  nitric 
acid ;  smalt  withstands  the  action  of  both  acids  and  alkalies  and  remains  in 
the  ash  as  a  blue  glass ;  the  aniline  colors  are  capable  of  extraction  with 
alcohol  as  solvent. 

B.  GUN-COTTON,  PYROXYLINE,  COLLODION,  AND  CELLULOID. 

I.  Raw  Materials. 

The  basis  of  these  preparations  is  the  class  of  nitrates  formed  from  cellu- 
lose by  the  action  of  nitric  acid,  either  taken  singly  or  admixed  with  strong 
sulphuric  acid,  or  as  developed  by  the  action  of  sulphuric  acid  upon  a 
nitrate.  Using  the  doubled  formula  C12H20O10,  we  may  note  the  following 
five  stages  of  nitration  : 

Hexanitrate,  C12H14O4(NO3)6  (trinitro-cellulose,  C6H7(1STO2)3O5,  of  other 
writers),  is  the  true  gun-cotton.  It  is  formed  by  the  action  of  a  mixture 
of  the  strongest  nitric  acid  (specific  gravity  1.52)  with  two  or  three  parts  of 
concentrated  sulphuric  acid,  in  which  the  cotton  is  immersed  for  twenty- 
four  hours  at  a  temperature  not  exceeding  10°  C.  (56°  F.).  The  hexa- 
nitrate  so  prepared  is  insoluble  in  alcohol,  ether,  or  a  mixture  of  both,  in 
glacial  acetic  acid  or  in  methyl  alcohol.  Acetone  dissolves  it  very  slowly. 
According  to  Eder,  the  mixtures  of  nitre  and  sulphuric  acid  do  not  give 
this  nitrate. 

Pentanitrafe,  C12H15O5(NO3)5.  It  is  difficult,  if  not  impossible,  to  pre- 
pare this  nitrate  in  a  state  of  purity  by  the  direct  action  of  the  acid  upon 
cellulose.  The  best  method  (that  of  Eder)  is  to  dissolve  gun-cotton  (hexa- 
nitrate)  in  nitric  acid  at  about  80°  to  90°  C.  (176°  to  194°  F.)  and  then 
precipitate  as  pentanitrate  by  concentrated  sulphuric  acid  after  cooling  to  0° 
C. ;  after  mixing  with  a  larger  volume  of  water  and  washing  the  precipitate 
with  water  and  then  with  alcohol,  it  is  dissolved  in  ether-alcohol  and  again 
precipitated  with  water,  when  it  is  obtained  pure.  This  nitrate  is  insoluble 
in  alcohol,  but  dissolves  readily  in  ether-alcohol  and  slightly  in  acetic  acid. 
Strong  potash  solution  converts  this  nitrate  into  the  dinitrate,  C12H18O8(NO3)2. 

The  tetranitrate  and  trinitrate  (collodion  pyroxyline)  are  generally  formed 
together  when  cellulose  is  treated  with  a  more  dilute  nitric  acid  and  at  a 
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r  tem|>eratiire  and  t'..r  a  much  -hort,-r  time  (thirt.ru  to  t\\«-nty  minutes) 
than  in  tin-  formation  ,,f  the  h. -xanit  rat. -.  h  i-  not  po—ihle 
them,  as  they  are  soluble  to  the  -ame  extent  in  eth«  r-alcohol,  acetic  ether, 
acetic  add,  or  WOod-epirit  <  )n  treatment  \\ith  eon,  , nimt.d  nitric  and  -ul- 
j.huric  a<-ids,  l..,th  the  tri-  and  tetranit  rat.  -  IN  OOOVerted  ml"  |H  ntanit  rat.- 
and  hexanitrate.  1'ota-h  and  ammonia  convert  them  int..diniti 

The  ////*/V/v//c,  ('...I I ,,<  >,(N <>,)..,  always  ramta  u  th.  fm:d  product  ..f  the 

action    ..f  alkalies  on    the  ,,ther   nitrate-,  ;md   :d-o   from    the  action   of  hot, 
-omewhat  dilute   nitric  acid    upon   ccllulo-e.      The  dinitrat.  ~.,luble 

in  ether-alcohol,  acetic  ether,  and  in  ah.-olnte  alcohol. 

The  chief  raw  material  lor  the  manufacture  of  th«-e  nitrat* 
is  the  waste   Ironi   cotton-pinning,  which  ha-  already  been    tr-.d    from    the 
impurities  of  the  ra\\   cotton.      It  is  tir-l   pi. led  elean  by  hand  from  admix- 
ture with  foreign  matter  and  then  torn  and  opened  up  by  machinery  so  as 
to  fit  it  lor  easy  action  of  the  nitrating  acid-.      It    i-  then  mated  for  a 
minutes   with   boiling   potash  solution,   thoroughly    wa-lied.   and    dried    by 
steam.     For  the  manufacture  of  celluloid  a  specially   prepared  and    | 
fectly  pure  tissue-paper  is  now  used,  which  is  torn  into  -hn-d-  l.y  machinery 
preparatory  to  the  nitrating. 

n.  Processes  of  Manufacture. 

1.  Gux-COTTOX. — The  following  is  the  procedure  at  Waltham  Abbey, 
where  gun-cotton  is  made  for  the  Kn^li-h  ^ovrrnnu-nt  under  Sir  F.  \\ 
im]>roved   method.     A  mixture  of  fifty-five  parts  of  nitric  acid  (1.516 
specific  gravity)  and  one  hundred  and  sixty-five  parts  of  sulphuric  acid  ( l.>  IJ 
specific  gravity)  is  taken  for  one  part  of  cotton.     The  nitrating  mixtm 
placed  in  cast-iron  vessels,  cooled  from  without   by  Ho\\ing  water,  and   tin- 
cotton  immersed.     It  may  either  remain  in  these   until    ready  for  \\a-hin-, 
or  may  after  a  brief  immersion  IK»  transferred  to  smaller  >tone-\\ai.   \,  -H  Is, 
similarly  cooled,  in  which  it  then  remains  for  twenty-tour  hours,  for  the 
double  purpose  of  completing  the  nitration,  so  that   the  product  shall  con- 
tain a  maximum  of  the  highest,  or  hexanitrate,  and  of  allowing  the  content- 
of  the  jar  to  cool  down  perfectly.    The  nitrated  cotton  i-  then  eentrifugated, 
Stirred  up  thoroughly  with  cold  water,  again  n-ntritngatcd,  and  then  \\a-hed 
.-v-tcmatieally  with  warm  water  to  which  some  soda  lias  been  added.     The 
gun-cotton  so  obtained  may  either  be  used  in  the  loose  form  or,  \\ln-n  de- 
signed for  manufacture  into  cartridges,  is  beaten  in  a  hollander  after  tin- 
manner  of  paper-pulp,  and  then  washed  and  pre.-.-ed   in  the  d<Hi«d  forms. 
The  gun-cotton  when  finished  is  usually  pn-ervcd    in   a   moi.-t   -tate,  and 
dried  only  when  needed  for  use.    It,  however,  does  not  re.juire  to  be  -harply 
dried,  as  with  fifteen  to  twenty  per  cent  of  moisture  it  can  be  mad.    to 
develop  its  full  explosive  powers. 

2.  PYROXYLINS  AND  COLLODION. — Pyroxyline  of  varion-  gradi*  of 
solubility  can  be  prepared  according  to  the  strength  of  acids  used  and  length 
of  immersion  given  the  cotton.    In  general,  the  nitric  a.  id  taken  is  less  con- 
centrated than  that  used  for  making  gun-cotton,  and  a  somewhat   higher 
temperature  is  employed.     Potassium  or  sodium   nitrate  is  also  used  along 
with  the  sulphuric  acid  as  the  nitrating  mixture,  as  the  presence  of  nitroii- 
aeid    in    the   nitric  acid  generated   is  considered  as  playing  some  part     n 
the  result.     A  mixture  of  twenty  parts  pulvcri/ed   jx>tassium  nitrate  with 
thirty-one  parts  of  sulphuric  acid  of  1.835  specific  gravity  is  given  as  a  suit- 
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able  pyroxyline  mixture.  After  the  nitre  has  entirely  dissolved  in  the  sul- 
phuric acid  and  the  mixture  has  fallen  in  temperature  somewhat  below  50° 
C.  the  cotton  is  put  in,  stirred  around  thoroughly,  and  then  the  vessel  left 
covered  for  twenty-four  hours  at  a  temperature  of  from  28°  to  30°  C. 
The  pyroxyline  is  then  washed  with  cold  water  until  it  shows  no  acid  re- 
action, and  finally  with  boiling  water  to  remove  the  last  traces  of  potassium 
sulphate.  A  similar  mixture,  using  sodium  nitrate,  is  thirty-three  parts  of 
sulphuric  acid  of  1.80  specific  gravity,  seventeen  parts  of  sodium  nitrate, 
and  one-half  part  cotton. 

A  special  grade  of  pyroxyline  for  the  manufacture  of  collodion,  put 
upon  the  market  by  the  Schering  factory  in  Berlin,  is  made  by  immersing 
cotton  for  fifteen  minutes  in  a  mixture  of  equal  volumes  of  sulphuric  acid 
of  1.845  specific  gravity  and  nitric  acid  of  1.40  specific  gravity,  taken  at  a 
temperature  of  80°  C. 

The  pyroxyline  made  from  tissue-paper  for  the  celluloid  manufacturers 
is  made  by  taking  fifty  cubic  centimetres  of  nitric  acid  of  1.47  specific 
gravity,  one  hundred  cubic  centimetres  nitric  acid  of  1.36  specific  gravity, 
and  one  hundred  cubic  centimetres  of  sulphuric  acid  of  1.84  specific  gravity. 
In  this  mixture  eighteen  grammes  of  the  finely-shredded  tissue-paper  are 
immersed  at  a  temperature  of  55°  C.  for  one  hour.  The  paper  gains  about 
forty  per  cent,  in  weight  in  the  nitration. 

The  proportions  of  ether  and  alcohol  used  in  dissolving  pyroxyline  to 
make  collodion  solutions  vary  very  greatly.  The  United  States  Pharmaco- 
poeia prescribes  for  four  parts  of  pyroxyline  seventy  parts  of  stronger  ether 
and  twenty-six  parts  of  alcohol  ;  the  British  Pharmacopoeia  takes  for  one 
ounce  of  pyroxyline  thirty-six  fluidounces  of  ether  and  twelve  fluidounces 
of  rectified  spirit ;  the  German  Pharmacopoeia  takes  one  part  of  pyroxyline 
to  twenty-one  parts  of  ether  and  three  parts  of  alcohol. 

3.  CELLULOID. — The  conversion  of  pyroxyline  into  celluloid  is  accom- 
plished by  effecting  a  thorough  incorporation  with  the  former  of  a  certain 
amount  of  camphor.  This  may,  however,  be  done  in  a  number  of  ways, 
several  of  which  have  been  carried  out  in  practice.  First,  it  is  possible  to 
effect  it  by  heat  alone,  without  the  use  of  any  solvent  for  either  the  camphor 
or  the  pyroxyline.  The  camphor  at  the  temperature  of  its  fusion  becomes 
a  sufficient  solvent  for  the  pyroxyline  to  effect  complete  physical  admixture. 
This  process  is  essentially  that  used  in  this  country.  The  weighed  amount 
of  camphor  is  added  to  the  pyroxyline  while  the  latter  is  still  in  a  partially 
moist  condition,  some  alcohol  sprinkled  upon  the  mixture  to  aid  in  the  com- 
minution of  the  camphor,  and  the  materials  carefully  ground  together  in  closed 
drums.  The  mixture  may  now  be  put  through  heated  rolls  to  effect  the 
melting  of  the  camphor  and  cause  it  to  penetrate  and  take  up  the  pyroxy- 
line in  every  part  of  the  mass.  It  is  then  put  through  a  heated  masticating 
machine  to  complete  the  admixing  and  make  the  mass  of  uniform  composi- 
tion throughout.  Coloring  matter  is  added  when  desired  to  the  materials 
before  the  camphor  takes  up  the  pyroxyline,  so  that  it  may  be  thoroughly 
distributed  or  dissolved  as  the  case  may  be. 

A  solution  of  camphor  in  either  ethyl  or  methyl  alcohol  has  also  been 
used  as  the  means  of  converting  the  pyroxyline  into  celluloid.  This  may 
be  either  with  the  aid  of  heat  or,  if  sufficient  of  the  solvent  be  usad,  it  may 
be  carried  out  at  ordinary  temperatures. 

A  solution  of  camphor  in  ether  has  also  been  used  in  the  celluloid  fac- 
tory of  Magnus  &  Co.  in  Berlin.  For  fifty  parts  of  pyroxyline  is  taken 
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twenty-five   part-  of  camphor  di--o|\  ,  d    in   nne  hundred    juirts  of  ether   t.. 
\\liidi   live  parts  of  alcohol   have  been  added.      'j'li.    mixture  is  coven*!  up 

and  >tinvd   from  time  to   time.      A  -vl;tt  mmi.-   and    •jliitinoijg  ma&B   iv-ult-. 
which  must  be  rolled  bet  \\i-eii  calender  mil-  until  it  acquire-  pla-tic  charac- 
ters.     The  proee—  i>  distinctly  more  dangerous  than  tin-  «.ih«  r-   mention,  d. 
U  the  ether  is  all  allowed  to  evaporate,  ;.n.l  it  doSI  ii"l  yield  anythin. 
in  the  way  of  product. 

m.   Products. 

1.  GUN-COTTON.  —  The  explosive  variety  nf  gun-cotton.  whether  in  the 
form  of  loose  til>re  or  a-  emnpiv—  •  d  eartrid-e  «»r  pajMT  sheets,  cannot  be 
readily  told  by  outward  characteristic-  from  untreated  <-ott«>n.  Micro^-opi- 
cally  it  ha-  not  changed.  It  is  on  clo-e  examination  -,-,  n  t,,  !„  u,,t  <juite  SO 
white,  a  slight  yellowish  tint  l>eiuLT  re«'o^ui/al)le  ;  it  is  -liLrhtly  roii^hrr  to 


the  touch,  and  crinkles  sli«rhtly  when  ju-e.—  ed  ;  when  nihlml  it  i-  ra-ilv 
electrified  and  sticks  to  the  fingers.  When  lighted  it  I.  urn-  <|uic|Jv  with- 
out smouldering  or  leaving  an  \  re-idiie.  \\hen  heated  -lo\\l\  it  Levins  to 
decompose  with  evolution  of  arid  fumes,  and  ahovr  l:in  (  '.  it  e\p].,d.-. 
It  is  therefore  necessary  to  e\erci-e  -reat  care  in  the  drying  "f  it.  and  e-j,.- 
cially  if  all  traces  of  acid  have  not  hern  removed.  It  i-  much  .-afer  when 
wet  than  dry,  although  it  is  possiMe  to  explode  it  l>y  concii-.-ion  when  it 
still  contains  from  fifteen  to  twenty  per  cent,  of  water. 

(  inn-cotton   is  insoluble  in  water,  alcohol,  ether,  chloroform,  and  :»• 
acid,  in  dilute  acids  and  alkalies.      It  is  somewhat   soluble   in  acetone  and 
wood-spirit. 

(Jun-cotton  is  chiefly  used  in  submarine  mines  and  blasting  and  for 
naval  torpedoes.  The  combination  of  it  with  nitroglycerine,  known  as 
blasting  gelatine,  has  been  referred  to  under  another  section.  (See  p.  7: 

'2.  PYHOXYLINK.  —  This  in  most  physical  character-  n-nnbl,-  p.  i  -f«-«  -tly 
the  explosive  gun-cotton.  The  most  important  dilference  i-  the  r.adv  ^la- 
bility of  this  variety  of  cellulose  nitrate  in  a  mixture  of  alcohol  and  ether, 
in  which  the  true  gun-cotton  is  insoluble.  The  ordinary  pymxylim-  i-. 
moreover,  only  slightly  explosive.  When  dis.-olved  in  the  strength  n 
before  (see  preceding  page)  we  obtain,  — 

3.  COLLODION.  —  This  is  a  colorless  liquid,  which  rapidly  evaporates  on 
exposure  to  the  air,  leaving  a  transparent  film  of  tetranitrate,  ,,r  tetra-  and 
trinitrate  mixed,  insoluble  in  water  and  alcohol.  It  i-  u-ed  a-  a  < 
for  wounds  under  the  name  of  "  liquid  adhesive  plaster,''  and  very  largely 
in  photography  as  a  mean-  of  covering  tne  photographic  plate-  \\ith  a 
tran-parent  film  which  shall  hold  finely  divided  and  di.-trihuted  the  *  -na- 
tive silver  salt. 

1.  I'YIIHX  YI.IM-:  VAI:M>IM->-.—  In  recent  \ear-a  very  important  class 
of  metal  varnishes  or  lanjuers  have  been  introduced  under  trade-na; 
such  a-  Za|)on  varnish,  etc.,  in  which  pyroxylim-  i.-  the  basis.  This  is  di>- 
solved  in  either  methyl  alcohol,  acetone,  methyl  and  amyl  ac«  tat«  -,  or  mix- 
ture- «it'  these.  Petroleum-naphtha  i.-  also  added  to  the-e  >nlv.-m>  to  liicili- 
tate  the  drying.  These  varnishes  are  of  special  value  for  line  metal-work 
in  brass  or  bronze,  as  thev  leave  a  pertectly  transparent  and  flexible  lilm 
of  pyroxyliue,  which  prot'ects  the  metal  and  will  not  crack  or  peel  when 
properly  applied. 

•~).  (  V.LLULOID.  —  This  valuable  product  of  the  action  of  camphor  np<  n 
pyroxyliue  is  prepared  under  a  great  variety  of  forms,  both  transparent  and 
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opaque,  colored  uniformly,  or  mottled  and  striated  in  imitation  of  ivory, 
coral,  amber,  tortoise-shell,  agate,  and  other  substances.  It  cannot  be  caused 
to  explode  by  heat,  friction,  or  percussion.  When  brought  in  contact  with 
flame  it  burns  like  paper,  and  continues  to  smoulder  after  the  flame  is  ex- 
tinguished, the  camphor  being  distilled  off  with  production  of  thick  smoke, 
while  the  nitro-cellulose  undergoes  incomplete  combustion. 

Celluloid  dissolves  in  warm,  moderately  concentrated  sulphuric  acid,  but 
is  carbonized  by  the  strong  acid.  It  is  readily  soluble  in  glacial  acetic  acid, 
and  on  diluting  the  solution  with  water  both  camphor  and  pyroxyline  are 
reprecipitated.  It  is  rapidly  soluble  in  warm,  moderately  concentrated  nitric 
acid  (four  volumes  of  fuming  acid  to  three  of  water),  and  is  also  dissolved 
with  ease  by  a  hot  concentrated  solution  of  caustic  soda.  Ether  dissolves 
out  the  camphor  from  celluloid,  and  wood-spirit  behaves  similarly.  Ether- 
alcohol  (3:1)  dissolves  both  the  nitro-cellulose  and  .camphor,  leaving  the 
coloring  and  inert  matters  as  a  residue.  The  density  of  celluloid  ranges 
from  1.310  to  1.393.  When  heated  to  125°  0.,  it  becomes  plastic  and  can 
be  moulded  into  any  desired  shapes.  Separate  pieces  can  also  be  welded 
together  by  simple  pressure  when  at  this  temperature.  The  celluloid  is 
easily  cemented  to  wood,  leather,  etc.,  by  the  use  of  collodion  or  a  solution 
of  shellac  and  camphor  in  alcohol. 

IV.  Analytical  Tests  and  Methods. 

Pure  hexanitrate  of  cellulose  will  keep  indefinitely,  but  the  presence  of 
free  acid,  of  lower  nitrates,  or  of  fatty  and  waxy  matters  render  it  more  or 
less  unstable,  and  therefore  unsafe.  The  most  important  determinations  to 
make  are  the  examination  for  free  acid  and  for  lower  nitrates,  and  the  valua- 
tion by  means  of  the  estimation  of  NO2  liberated  from  any  sample. 

1.  EXAMINATION  FOR  FREE  ACID. — This  may  be  detected  by  treating 
twenty  grammes7  weight  of  the  gun-cotton  with  fifty  cubic  centimetres  of 
cold  water.     After  twelve  hours  the  water  may  be  pressed  out,  filtered,  and 
twenty-five  cubic  centimetres  titrated  with  decinormal  caustic  alkali.     With 
the  remainder  of  the  liquid  the  nature  of  the  acid,  whether  sulphuric  or 
nitric,  may  be  ascertained  by  the  usual  tests. 

2.  EXAMINATION  FOR  LOWER  NITRATES. — These  may  be  detected  if 
present  by  treating  five  grammes  of  the  sample,  previously  dried  at  100°  C.t 
with  one  hundred  cubic  centimetres  of  a  mixture  of  three  parts  of  ether  and 
one  of  alcohol.     The  mixture  is  shaken  frequently  during  twelve  hours,  and 
then  rapidly  filtered  through  loosely-packed  glass-wool,  the  filtrate  evapo- 
rated at  a  gentle  heat,  and  the  residue  weighed. 

3.  EXAMINATION  FOR  UNALTERED  CELLULOSE. — This  may  be  esti- 
mated by  treating  the  gun-cotton  left  undissolved  by  the  ether-alcohol  with 
acetic  ether,  which  dissolves  the  hexanitrate  and  leaves  the  unchanged  cot- 
ton.    An  alternative  plan  is  to  prepare  a  solution  of  sodium  stannite  by 
adding  caustic  soda  to  a  solution  of  stannous  chloride  until  the  precipi- 
tate at  first  formed  is  just  redissolved.     This  solution  when  boiled  with 
gun-cotton  dissolves  the  cellulose  nitrates  without  affecting  the  unchanged 
cellulose. 

4.  VALUATION  BY  DETERMINATION  OF  NO2. — The  nitrogen  peroxide 
contained  in  gun-cotton  and  similar  nitrated  products  is  frequently  deter- 
mined by  the  aid  of  the  reaction  of  sulphuric  acid  and  mercury  upon  the 
nitrates  as  carried  out  in  a  Lunge's  nitrometer.     This  is  a  burette  provided 
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:it  tlic  OIK-  (-IK!  with  stopcock  :m<l  tmiiH-1-tiiU.  :unl  IIMITMWM!  at  tin-  other  end, 
whirh  is  c«.iuicct.-<|  l.v  a  -t«.iit  |»i«-<-,-  ,,!'  nililM-r  iul»mLr  \\itli  a  -iinplr  gradu- 
ated lmivtt<-tiil><'.  Tin'  ImivtN-  with  tin-  -t..|n-.M-U  i-  tilled  with  im-n-urv 
tIn-Mii-li  the  riil>lnT  mnin-rtinii  \\ith  the  otln-r  tnl>r  and  thr  stopcock  closed. 
lainnir  i»f  oim-(-Mtt..ii,  «li--.ilv.-<l  in  liv.  mliir  <  •  utinirtres  of  OOncen- 
tratrd  snlphnrir  arid,  aiv  thm  put  into  thr  ttinnrl  tiil.r.  and  l.v  <.p.  iiin-  ihr 
>t.»pr<>rk  and  lowering  slightly  thr  rnnn,-.  t  iii'j  him-itr  an-  draun  int..  ihr 
stoppered  tnhe,  wa-hrd  out  of  thr  funnel  with  a  little  additional  pun-  -nl- 
phuric  acid,  and  the  stojH-ook  oiossd.  The  tuU-  is  then  >ha!  nui-ly 

until  thr  fraction  is  complete  and  thr  volume  of  gas  no  longer  inercaaes. 
It  is  thru  allowed  to  at  tain  eon>tant  tnnperatiin-  and  the  volume  rc-ad  oH'  \\itli 
correction  for  tein|H'rature  and  pressure.  Allen  ((  'onnm-mal  (  >r.Lranii-  Anal- 
ysis, 2d  cd.,  vol.  i.  p.  .TJS)  n'mnminuU  that  the  v.-luine  IK-  compared  with 
that  yielded  by  a  standard  sample  or  a  nitre  solution. 
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STATISTICS. 

Cbtton. — The  cotton  crop  of  the  United  States,  the  average  weight  per 
bale,  and  the  aggregate  gross  weight  of  the  crop  for  the  last  ten  years  have 
been  as  follows : 
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1880-81  ...........  6,589,329 

1881-82  ...........  5,435,845 

1882-83  ...........  6,992,234 

1883-84  ...........  5,714,052 

1884-85  ...........  5,699,021 

1885-86  ...........  6,550,215 

1886-87  ...........  6,513,623 

1887-88  ...........  7,017,707 

1888-89  ...........  6,935,082 

1889-90  ...........  7,311,322 


Weight 
per  bale. 
485.88 
475.67 
490.62 
482.86 
481.21 
485.40 
486.02 
485.35 
495.79 
492.52 


Aggregate  weight 

in  pounds 
3,201,546,730 
2,585,686,378 
3,430,546,794 
2,759,047,941 
2,727,967,317 
3,179,456,091 
3,165,745,081 
3,406,068,167 
3,437,408,499 
3,600,972,311 


The  expectations  of  unmanufactured  cotton  from  the  United  States  for 
the  last  three  years  have  been  : 

1888.  1889.  1890. 

Bales      ......  4,664,924  4,872,060  5,020,913 

Pounds  ......    2,264,120,826  2,384,816,669  2,471,799,853 

The  exportations  of  cotton  from  India  for  the  past  three  seasons  are 
stated  to  have  been  as  follows:  For  1887-88,  5,374,542  hundred-  weight  ; 
for  1888-89,  5,331,536  hundred-  weight  ;  for  1889-90,  6,325,898  hundred- 
weight, of  which  England  takes  about  one-third.  The  European  importa- 
tions of  cotton  for  1889-90  are  estimated  to  have  been  as  follows: 


Pounds 
per  bale. 


Total  in 
pounds. 


American 4,800,000  X  470  =  2,256,000,000 

East  Indian 1,640,000  X  396  =     649,000,000 

Egyptian 420,000  X  679  =     285,180,000 

Smyrna,  etc 40,000  X  350  =       14,000,000 

Brazil,  West  Indies 250,000  X  185  =       46,250,000 

7,150,000  X454|  =  3,250,870,000 

Flax. — The  area  under  flax  cultivation  and  gross  produce  of  various 
European  countries,  according  to  a  report  made  to  the  Irish  Flax  Supply 
Association  in  1878,  was : 


Acreage. 

Austria 253,323 

Belgium 140,901 

Denmark     ....  17,686 

Egypt 15,000 

France 194,571 

Germany      ....  530,642 

Great  Britain  .    .    .  7,481 

Greece 957 


Tons. 
34,009 
29,580 
2,211 

1,875 

Holland  . 
Hungary  . 
Ireland  .  . 
Italy 

•    • 

42,368 
74,621 
1,333 
119 

Russia  .  . 
Sweden  .  . 

Acreage. 

48,027 

19,903 

123,362 

201,023 

1,928,568 

37,500 


Tons. 

9,536 

2,488 

22,159 

221,791 

241,071 

4,688 


3,518,944          488,849 


These  figures  have  been  largely  increased  in  the  last  twelve  years.  Ac- 
cording to  a  United  States  consular  report  from  Odessa  (United  States  Con- 
sular Reports,  March,  1891,  p.  365),  the  total  area  sown  in  Europe  with 
flax  amounted  to  5,700,000  acres,  of  which  Russia  alone  had  3,700,000 
acres.  The  total  quantity  of  flax  fibre  produced  in  Europe  is  there  given 
as  follows : 


Pounds. 

Eussia 900,000,000 

Austro-Hungary     ....     104,400,000 

Germany 97,200,000 

France 79,200,000 

Ireland 46,800,000 


Belgium    .... 

Italy 

All  other  countries 


Pounds. 
43,200,000 
43,200,000 
36,000,000 

1,350,000,000 
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Importations  of  }',</,(<,  /,/,  /-7/,/vx.  —  Tin-  impm-ian..!^  ,,f  iminanufart        ' 

vegetable  fibrin  into  the  United  States  during  the  lu.-t  thn-e  \»-ai>  have  been 
as  follows  : 

Is.v  !--,  1(00 

Flax  (tons)  .........             :,.;•.  I  7  -  .,;  g.048 

Valu.-«l:.t     ........    $l,HOi>,<>H'j  $2,070,729  &.WM 

Hemp  and  .substitute  (tool)    .                 »47  66,886  86,601 

Valued  at     ........    $0,934,837  $9,483,771  $7,841,966 

(tons)  .........          llf,.  88,666 

lur.l  at     ........    $8,877,869  fe868,*64  $8,249,926 

Sisal-grass,  etc.  (tons)    ....           36,4<U  88,642  68,868 

Valued  at     ........    $6,430,894  $6,110,808  $7,064,184 


Mid-rials.  —  The  imp..  nations  of  paper  stork  f'-.r  ih«-  la-t 
three  years  have  amounted  in  value,  aecording  to  the  United  States  Bureau 

of  Statistics,  to: 

l—  -  1889.  1890. 

Rags  other  than  woollen   .    .    .    $2,033,022  >_'.:.»•;  n 

All  other  stock    .......      3,429.  8,872.1'";  2,780,887 

Total     .........    $M62,256  $5,926,047  $6,261,448 

The  exportation  of  mechanical  wood-pulp  from  Norway  rose  in  1889  to 

,  whi 


200,000  tons  from  100,000  tons  in  lxxf>,  while  that  of  chemkd  pulp  was 
estimated  at  35,000  tons  against  24,000  tons  in  1888.  The  aggregate  value 
of  the  pulp  exported  in  1889  was  estimated  at  $3,210,000.  (United  States 
Consular  Reports,  November,  1890.)  The  English  imputations  of  paper- 
materials  during  the  last  few  years  have  been  as  follows : 


1888.  Ml  1890. 

Linen  rags  (tons) 41,404  r.',470  *89 

Valued  at £470,883  £42-  MOM06 

Esparto,  etc.  (tons) 247,936  215,7LM  1*17,048 

Valued  at £l,2«f,,H  ,  £1,083,618  £1,045,742 

Wood-pulp  (tons) 110,040  H' 1.584  1.7.887 

Valued  at £677,866  £688,671 

According  to  "  Bradstreet's"  for  November  29, 1890,  the  American  out- 
put of  wood-pulp  has  more  than  trebled  within  the  p:i-t  ten  year-.  There  are 
now  210  factories  niirajred  iu  its  luaiiutaeture — 183  producing  it  by  the  me- 
chanical process,  15  by  the  soda,  and  \'2  by  the  sulphite  iiietliods.  For  tin- 
nine  months  ending  September  30, 1890,  the  imports  of  wood-pulp  aniuuiitMl 
in  value  to  $1,182,193;  for  the  same  period  of  the  preceding  year  it 
but  $497,404,  or  about  two-fifths  as  large. 
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CHAPTER   IX. 


TEXTILE    FIBRES   OF   ANIMAL   ORIGIN. 

As  before  stated,  the  only  animal  fibres  that  have  acquired  technical 
importance  are  the  wool  fibre  and  silk.  These  will  now  be  considered. 

I.  Raw  Materials. 

A.  WOOL. — Wool  is  undoubtedly  a  variety  of  hair,  found  in  greater  or 
less  quantity  on  almost  all  mammals,  on  a  few  of  which,  as  the  domestic 
sheep,  it  forms  the  principal  covering  of  the  body.  It  is  probable  that 
while  both  hair  and  wool  occur  together  in  wild  sheep,  domestication  has 
gradually  caused  the  rank  hairy  fibres  to  disappear  and  the  soft  under-wool 
to  develop  until  the  fleece  of  wool  becomes  a  thick  and  complete  covering. 
From  ordinary  hair  the  wool  is  distinguished  by  two  important  properties : 
First,  while  hair  is  almost  smooth  on  the  surface,  the  wool  fibre  is  covered 
by  minute  overlapping  scales  arranged  like  roof-tiles.  While  these  scales 
are  so  minute  as  not  to  be  discernible  to  the  eye,  they  can  be  felt  if  a 
woollen  fibre  is  drawn  between  the  fingers  in  the  direction  opposite  to  that 

in    which   the    scales    are    set. 

FIG.  92.  Secondly,  while  a  hair  is  per- 

fectly straight,  the  woollen  fibre 
is  finely  crimped  or  curled,  so 
that  it  becomes  longer  when 
drawn  out  and  shortens  again 
when  the  strain  is  removed. 
The  spring  due  to  this  curled 
structure  gives  woollen  fabrics 
notable  elasticity.  Owing  to 
the  overlapping  scale-like  struc- 
ture and  the  crimped  condition 
of  the  fibre,  wool  has  also  the 
power  of  felting,  or  becoming 
matted  into  a  compact  cloth 
under  the  fulling  process  with- 
out the  necessity  of  weaving. 
These  structural  characters  of 
the  wool  fibre  are  shown  in 
Fig.  92. 

Sheep's  wool  varies  from 
the  long  straight  coarse  hair  of 
certain  varieties  of  the  English 

sheep's  wool  (*%<>).  sheep  (Leicester,   Lincolnshire, 

etc.)  to  the  comparatively  short 

wavy  fine  soft  wool  of  the  Spanish  and  Saxon  Electoral  sheep.  According 
to  the  average  length  of  the  fibres  or  staples  two  principal  classes  of  wool 
are  established,  the  long-stapled  (eighteen  to  twenty-three  centimetres)  and 
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the    x/n>rf-sf<ij,/,,l    WOOlfl    (t\\o    ;ui<l    live-tenth-,     to    four    r,  nt  inn  -tn- ).      The 
former  da-.-  have  hitln-rt..    Inn.  combed  ami   then   -pun   into  ,/•,„>•/,,/   \arn, 
while  the  latter  have  hem  carded  and  .pun,  yielding   i/W/» /«    JWM, 
processes  will  he  referred  i,,again  Inter,     i  *N  ',    p.  . • ;...  i.        I  1  tl,,-  I..HL: 

straight  wool-,  like    Liu.-., In  and    Leicester  \\o.,U,  p,,~, •--  a  -ilk\    |IMI<  : 

are  known  as  lush;  \\ooU,  \\hile  the  Merino,  (  olonial,  etc.,  \\hidi  are  .-li..rl.-r 
and  curly,  an-  known  a-  nnn-luxtrt-  wook 

The  worth  of  any  grade  of  \\,,o|    i-  determined    hv  n-.tinj    -u.  h  pr..p(  r- 

tiee  u  softness,  linen,--.,  length  nt1  Maple,  wavinen,  lu-nv.  straifftn, 
tidty,  flexibility,  color, and  the  facility  with  which  it  can  bedjn 

i-  very  hy-ro-^opir.  In  wann  dry  \\<-ath<-r  it  may  contain  ei-'ht  to  t\\elv<« 
per  rnit.  moisture,  hut  it'  kept  I'm1  a  time  in  a  (lamp  alnm-pln-n-  it  mav  tak<' 
up  thirty  to  titty  per  cent.  This  Ixvomes  an  important  item  in  the  -de  of 
wool,  and  hence  in  France  and  (iermanythe  jMTccntai:''  of  iimi-tin •• 
tained  in  wool  to  he  >..ld  mii-t  he  otlicially  determinMl  in  "  \\ ..,,!-, -..nditinn- 
in-"  eMal)li>hments.  (See  silk-COoditlOIUngj  p.  'J!>!».)  The  1,  -d  amount 

of  moisture  allowed  on  the  Continent  i-  is.  •_'•"•  percent 

The  Ix-.-t  kind  of  wool  is  colorlos,  hut  inferior  grades  are  often  \-«  llow- 
ish,  and  sometime^  even  hrown  or  black  in  cnlor. 

The  chemical   composition  of  the  wool    tihre   is,  as  alnadv  imt.. 
262),  nitrogenous,  but  we  must  at  the  same  time  diMin-uNi   l»<  t\\e«  n  the 
true  fibre  and   the  encrusting  matters.     These  latter,  ind.  pendent  of  me- 
chanically  adhering    impurities   or  "dirt,"  are  of    twofold    character,    the 
"  imot-fat"  (soluble  in  ether)  and  the  "  irnn/-jti-rtijfii-tifH>n"  (-(.Inhle  in  i 
These  two  are  frequently  included  together  under  the  name  of  the  "yolk" 
or  "  -uint"  of  the  wool.     The  true  wool  fibre,  when   <•!<  an.-ed    from 
ha-  approximately  the  following  composition:    Carbon.    1!'.'J"»    per   OO&j 
hydro-en,   7.57   per  cent;  oxygen,   23.66   per  cent.;  nitrogen,    15.86    j»-r 
cent.  ;  sulphur,  3.66  }X?r  cent.     The  presence  ot'  sulphur  i>  very  distinctive 
of  wool  and  serves  to  distinguish  it  from  silk,  the  other  nitrogenous  fibre. 
It  can  be  removed  in  large  part,  but  not  without  weakening  the  fibre  and 
destroying  its  lu.-tre,  etc. 

\Vool-fat  is  a  mixture  of  a  solid  alcoholic  body,  ehoksterine^  together 
with  isocholesterine  and  the  compounds  of  these  bodies  with  >«  vend  of  the 
fatty  acids.  These  free  higher  alcohols  are  soluble  in  boiling  ethyl  alcohol, 
while  the  compounds  they  form  with  the  fatty  acids  are  in-olnhle  in  alcohol 
but  soluble  in  ether. 

Wool-perspiration  has  been  shown  to  consi-t  «— «  ntially  of  the  pota»ium 
silt-  of  oleic  and  stearic  acids,  possibly  other  fixed  fatty  acid-,  BttO  p«.ta  — 
sinm  salts  of  volatile  acids,  like  acetic  and  valcrianic  acid,  and  -mail  (plan- 
title-  ot'  chlorides,  pho>phates,  and  sulphates.  The  wash-water  of  raw  or 
gi-ea-y  wool,  it  will  be  .-ecu,  therefore,  \\oiild  contain  lar^e  amounts  of 
j)otash  >alts,  and  when  evaporated  and  ignited  would  yield  an  abundant 
product  of  potassium  carbonate.  This  ntili/ation  of  the  wool  wa-h-water 
as  carried  out  at  pre-ent  in  France  and  Hel-ium  yields  over  one  million 
kilos,  of  potas-ium  carbonate.  Another  ntili/ation  of  this  yolk  of  wool  i- 
to  submit  it  to  dry  distillation,  when  it  yield-  a  residue  which  is  an  ex- 
tremely intimate  mixture  of  carbonate  of  potash  and  nitrogenous  carbon, 
of  great  value  for  the  manufacture  ot'  yellow  pru  — iat«-  of  pota.-h. 

Wool  is  decomposed  by  heat  at  l:ln'~  ('.,  ammoniac  al  vajxirs  are  given 
off,  and  at  140°  to  ir><)°  C.  sulphur  compounds  are  al-o  present  in  the 
vapoi*s.  AVhen  ignited  by  a  flame,  wool  emits  the  disagreeable  odor  of 
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burnt  feathers  and  leaves  a  porous  caked  residue.  Ammoniacal  solution  of 
cupric  hydrate  has  no  action  upon  wool  in  the  cold,  but  dissolves  it  when 
hot.  Dilute  solutions  of  hydrochloric  and  sulphuric  acids  have  little  in- 
fluence whether  hot  or  cold.  This  fact  is  availed  of  in  separating  cotton 
from  wool  in  the  process  of  "  carbonizing"  mixed  cotton  and  woollen  goods. 
The  dilute  sulphuric  acid  used  attacks  and  disintegrates  the  cotton.  They 
are  then  dried  in  closed  chambers  at  110°  C.,  after  which  the  disorganized 
cotton  can  be  beaten  out,  while  the  wool  remains  but  slightly  altered. 
Nitric  acid  does  not  attack  the  wool  seriously,  but  gives  it  a  yellow  color, 
hence  sometimes  used  as  a  "  stripping"  agent  for  dyed  woollen  goods  in 
case  of  re-dying.  Sulphurous  acid  is  the  most  satisfactory  bleaching  agent 
for  woollens,  as  it  removes  the  natural  yellow  tint  of  the  ordinary  wool. 
Caustic  alkalies  act  rapidly  and  injuriously  upon  wool.  Alkaline  carbonates 
and  soap  have  little  or  no  injurious  action  if  not  too  concentrated  and  if 
the  temperature  is  not  above  50°  C.  Chlorine  and  hypochlorites  act  injuri- 
ously upon  wool  and  cannot  be  used  for  bleaching.  A  very  slight  action 
of  chlorine,  on  the  other  hand,  causes  wool  to  assume  a  yellowish  tint  and 
gives  it  an  increased  affinity  for  many  coloring  matters. 

Closely  related  to  sheep's  wrool  are  a  few  varieties  of  animal  hair,  wrhich 
are  also  utilized  in  some  degree  as  textile  fibres  in  similar  classes  of  goods. 

Mohair  is  the  product  of  the  Angora  goat  of  Asia  Minor  and  Cape  Col- 
ony, South  Africa.     It  is  a  long  silky  hair,  which  is  very  soft  and  lustrous. 
Cashmere  consists  of  the  soft  under-wool  which  grows  in  winter  on  the 
Cashmere  goat.     It  furnishes  the  material  for  the  costly  Cashmere  shawls 
of  native  manufacture,  but  is  not  exported  at  all  as  fibre. 

Alpaca,  Vicuna,  Llama,  and  Guanaco  are  the  names  of  four  closely- 
related  species  of  South  American  goats  found  on  the  western  slopes  of  the 

Andes,  which  yield  valuable  hair-like  fibres. 
Of  these,  the  alpaca  is  exported  in  largest 
amount  to  Europe  and  the  United  States.  It 
is  a  long  silky  fibre  somewhat  intermediate  be- 
tween true  wool  and  hair  and  possessing  a  strong 
lustre.  It  is  both  white  and  of  various  colors. 
It  is  shown  in  Fig.  93. 

Camel's  Hair  is  somewhat  used  in  Africa, 
Asia  Minor,  and  the  Caucasus,  and  latterly  in 
Europe,  for  the  manufacture  of  woven  goods, 
which  are  made  from  the  unbleached  hair. 

B.  SILK. — The  silk  fibre  is,  morphologi- 
cally, the  simplest  and  at  the  same  time,  because 
of  its  properties,  the  most  perfect  of  the  textile 
fibres.  It  differs  from  all  other  fibres  in  that 
it  is  found  in  nature  as  a  continuous  fine  thread, 
so  that  the  process  of  spinning  is  superfluous  in 
its  case.  In  place  of  this  we  have  the  reeling 
process,  whereby  several  of  the  natural  threads 
are  united  into  one  thicker  and  stronger  thread. 
Silk  is  the  product  of  the  silk-worm  (Bom- 
byx  mori)  and  is  simply  the  fibre  which  the 
worm  spins  around  itself  for  protection  wrhen 
entering  the  pupa  or  chrysalis  state.  From  the 
eggs  laid  by  the  animal  in  the  moth  or  butterfly  state  develops  the  cater- 


FIG.  93. 


Alpaca  goat's  hair  (»f  °). 
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pillar  <>r  -ilk-worm.  The  Bggl  iTC  \«-ll«>\\  i.-li  in  ml,, r  at  tir-t,  «-li:tni:iiijr  to 
oray  when  dry.  They  arc  very  li^ht  in  \\ei-ht,  MOM  thirte,  n  hundred  and 
titty  together  \\ri^liintr  niie  ^ramin  .  lopm, nt  of  the  cater- 

pillar IV.  .in  tin-in  a  certain  amount  of  warmth  ami  moi-tim-  is  necessary,  the 
temperature   I.ein-    rai-ed   in  the   incubation   chamber  dtiriii'j   t« n  or  t\\.-l\v 
days  from  18°  to  *J">°  ( '.     'l'h«-  yniiiiLr  \Nonns  are  at  on.-.-  r.  m..\ ^l  to  larger 
chainlxT-,  \\hci-c  ai-<-  lath  tVanir-\vork-  strnn?  aOTOM  wftfa  tlin-:nU  ami  sheets 
of  paju-r.      The  animal-   aiv   pla<v<l    upon   thetic,  an<l    l'««l    i«  jnlarly  during 
thirtv  t<>  thirty-thr«-r  day-,  till    iml«-«-n!    th.-y  IM^JM    t«.   -pin.      Th'-v  an-   IH-IV 
t'cd    upon    innllxTi-y  leaves  (J/onw   <tllm\,   and    dnrin-j-    thi-    p«ri..d    in 
eiionnotisly  in  si/r,  becoming  at    Irnnth   alnmt  ri-ht  to  tni  rrntiiiu-tn-*  l«.ny: 
and  about  five  grammes   in  weight.      To  allow  of  thi-   im-n-a^-   in   size  it 
CMtl  its  .-kin  >oine  four  times  during  this  period  (at  inter\aUi»f  from  four 
to  six  days).      \\'hen  alwnit  the  thirtieth  day  of  it-  ^ro\\ih  h.. 
it  eeases  to  take  food  and  shows  a  decided   restlessness.     It  i-  then  placed 
on   hirch-twi.irs,  and  soon   begins  to  spin.     This  -pinnini:  of  the  cocoon,  or 
oval-shaped  house  in  which  the  worm  is  to  undergo  the  <  In  \  -a  1  is  state  before 
emerii-in.ir  as  the  butterfly,  in- 
volves the  secretion  of  the  fibre  FIG.  95. 
so  much  pri/ed  as  silk.     The 
silk  substance   is   secreted    by 
two  glands,  one  on  either  side 
of  the  body  of  the  caterpillar. 
The  substance  from  these  two 
glands    unites    in  a   capillary 
canal  situated  in  the  head  of 
the  animal,  whence  issues  the 
silk   as   a   double   fibre   only 


FIG.  94. 


Silk  fibre  ( 


rarely  separated,  cemented  throughout  by  the  sericin,  or  silk-glue.      The 
microscopical  appearance  of  the  silk  fibre  is  shown  in  Fig.  94.     This  fibre 
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which  goes  to  form  the  cocoon  varies  in  length  from  three  hundred  and  fifty 
to  twelve  hundred  and  fifty  metres,  and  with  a  diameter  of  about  .018 
millimetre  in  diameter.  The  interlacing  layers  of  the  silk  cocoon  are  at 
first  loose,  but  become  finer  and  denser  towards  the  interior,  while  the  inner- 
most layer  which  immediately  surrounds  the  animal  forms  a  thin  parch- 
ment-like skin.  The  several  stages  of  cocoon-spinning  are  shown  in  Fig. 
95.  The  cocoons  of  the  female  are  pure  oval  in  shape,  while  those  of  the 
male  are  distinctly  contracted  in  the  centre.  They  are  white  or  yellowish, 
and  usually  about  three  centimetres  long  and  one  and  one-half  to  two  centi- 
metres thick.  Some  seven  or  eight  days  are  allowed  for  the  completion  of 
the  cocoon-spinning,  and  they  are  then  gathered.  A  sufficient  number  of 
both  males  and  females  are  taken  for  breeding  purposes,  and  the  rest  put 
aside  to  be  reeled  for  silk.  Those  chosen  for  breeding  are  kept  for  some 
twenty  days  at  a  temperature  of  from  19°  to  20°  C.,  when  the  silk-moth 
which  has  formed  in  the  interior  from  the  pupa  emits  a  peculiar  saliva, 
which  softens  the  sericin,  or  silk-glue,  at  one  end  of  the  cocoon  and  enables 
the  animal  to  push  its  way  out  to  daylight.  The  females  within  forty  hours 
after  their  appearance  lay  their  eggs,  some  four  hundred  in  number,  and 
shortly  after  die.  The  eggs  are  slowly  dried,  and  stored  in  glass  bottles  in 
a  dry  dark  place  till  the  following  spring.  The  cocoons  put  aside  for  the 
reeling  of  silk  must  be  taken  in  hand  promptly  and  the  chrysalis  contained 
in  them  killed,  in  order  to  prevent  the  development  of  the  silk-moth  and 
the  injury  to  the  cocoon  by  its  pushing  its  way  out.  This  is  done  either  by 
heating  them  for  several  hours  in  an  oven  at  60°  to  70°  C.,  or  more  quickly 
by  steam  heat.  One  hundred  grammes  of  eggs  produce  under  favorable 
conditions  from  ninety  thousand  to  one  hundred  and  seventeen  thousand 
cocoons,  weighing  one  hundred  and  fifty  to  two  hundred  kilos.,  and  these 
yield  twelve  to  sixteen  kilos,  of  reeled  silk. 

The  silk  fibre  consists  to  the  extent  of  rather  more  than  half  its  weight 
of  fibroin,  C^H^N^Og,  a  nitrogenous  principle.  Covering  this  is  the  silk- 
glue,  or  sericin,  C^H^NgOg.  Whether  this  latter  exists  in  the  glands  of 
the  silk- worm  along  with  the  fibroin,  as  maintained  by  Duseigneur-Kleber, 
or  is  produced  exclusively  by  atmospheric  change  from  the  fibroin  as 
asserted  by  Bolley,  is  still  in  debate.  This  sericin,  however,  is  easily 
dissolved  off  from  the  fibroin  by  warm  soap-water  and  other  alkaline 
liquids.  This  "  boiled-ofF"  liquid  plays  an  important  part  in  silk-dyeing 
operations.  (See  p.  466.)  The  most  important  physical  properties  of  the 
silk  fibre  are  its  lustre,  strength,  and  avidity  for  moisture.  The  regu- 
lation of  the  amount  of  moisture  contained  in  raw  silk  as  offered  for  sale, 
or  "  silk-conditioning,"  will  be  spoken  of  under  the  process  of  treatment. 
(See  p.  298.) 

Besides  the  true  silk,  the  product  of  Bombyx  mori,  we  have  several 
so-called  "  wild  silks,"  the  most  important  of  which  is  the  Tussur  silk, 
the  product  of  the  larva  of  the  moth  Anther cea  mylitta,  found  in  India. 
The  cocoons  are  much  larger  than  those  of  the  true  silk-worm,  egg- 
shaped,  and  of  a  silvery  drab  color.  They  are  also  attached  to  the  twigs 
of  the  food  trees  by  a  thread-like  prolongation  of  the  cocoon.  The 
cocoon  is  very  firm  and  hard,  and  the  silk  is  of  a  drab  color.  It  is  used 
for  the  buff-colored  Indian  silks,  and  latterly  largely  in  the  manufacture 
of  silk  plush.  Other  wild  silks  are  the  Eria  silk  of  India,  the  Muya 
silk  of  Assam,  the  Atlas  or  Fagara  silk  of  China,  and  the  Yama-mai  silk 
of  Japan. 
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n.  Processes  of  Manufacture. 

It  will  l>e  beyond  the  province  of  tin-  work  in  take  up  tin-  manufacture 
of  woollen  and  silk  good-  from  the  mechanical  -id..  Hence  \\e  -hall  only 
notice  tlir  preliminary  pro< -e— e-  of  chemical  treatment  which  tin-  lil 

undergo  to  prepare  them  for  manufacture  into  - U,  and  tin  n  lak<-    up    the 

Several  claseefl  ••('  manufactured  textile-  auaiu  in  -peaking  of  I,..  nd 

dyeing  of  - I.-. 

.!.   \\'<»OL. —  1.    irW-.vr,,///-/////. — The  condition  of  the  raw  wool  when  fir-t 

obtained  from  the  hack  of  the  sheep  has  alreach  been  referred  bo.     Thetihiv 

i-  mvcrrd  with  both  natural  and  artificial  impuritie-  (yolk,  dirt, 
such  an  extent  that  mordanting  and  dyrin-  \\.,uld  l><  alin«.-i  imp..--il»l«'. 
Tln>r  arc  tlicivt'oiv  to  U>  removed  l»y  tli«-  DfOOeV  of  •eOttriltf ,  It  will  IM- 
n •iiicinl)cred,  too,  that  the  yolk  was  Stated  to  be  made  up  of  th,-  \vn.,l-t'at 
(soluhle  in  alcohol)  and  the  won|-|M-r>piration  (-oluhlc  in  waii-r).  I'.ot! 
these  have  to  be  remo\-e<l  in  the  completed  >«-oiirin^  operati«.n.  TL  full 
operation  then  must  include  three  stages, — vi/..  Steeping,  or  wa-liinir  N\itli 
water  (ili'xninl<njf\  ;  cleansing  or  semiring  pn>|>er  with  weak  alkaline  ndn- 
tions  (f/»Y//v//xx//r/»  )  ;  rinsing  or  final  wa-hinir  with  \\atcr  (rmpage).  Tin- 
first  0]KM%ation  may  IH>  «>mitted  if  the  wool  ha-  Keen  \\a-he<l  IA  the  \VIMI|- 
growcr.  This  is  true,  for  instance,  with  Au>tralian  wo.,l>,  \\Jiil.,  ..n  tin- 
other  hand,  most  South  American  wools  mine  into  commerce  un\\a-hed  and 
very  rich  in  yolk.  The  washing  of  then-  wools  i-  largely  can-it  d  ..n  in 
France  and  Px-lginni,  and,  as  has  heen  >ta;.d  966  p.  2931  i>  mad.-  t-.  \ield 
large  amounts  of  potassium  carlx.nate  i>y  evaporating  and  igniting  the  \\a-h- 
waters.  The  wool  is  systematically  washed  in  tepid  water  (aUmt  4-Y  <  . 
in  a  series  of  tanks  arranged  so  that  the  water  passes  from  one  to  the  other 
until  completely  saturated,  when  it  is  evaporated.  According  to  M.  <  han- 
delon,  one  thousand  kilos,  of  raw  wool  may  furui-h  three  hundred  and 
thirteen  litres  of  yolk  solution  of  speeifie  gravity  l.'J">  (50°  Tw.),  having  a 
value  of'  fifteen  shillings  and  sixpence,  while  the  cost  of  extraction  does 
not  exceed  two  shillings  and  sixpence. 

The  scouring  and  washing  processes  for  loose  wool  are  usually  carried 
out  in  the  well-known  rake  scouring-machine-,  coii-i.-ting  of  a  large  cast- 
iron  trough  provided  with  an  ingenious  >\>tem  of'  fork.-  or  rake-  \\  h. 
the  wool  is  gradually  passed  forward  l>y  the  to-and-fro  di^gini:  motion  «.f 
the  rakes.  Two  or  three  such  scouring-machino  are  placed  in  -eri<s,  so 
that  the  first  may  take  the  hulk  of  the  impuritio,  the  second  complete  the 
scouring,  aiul  the  third  etVeet  a  thorough  wa-hiiiu  in  a  -nvam  <>!  fi.  -h  water. 
The  scouring  liquid  which  has  U-en  longot  in  use  i>  -tale  urin- 
which  is  etlective  because  of  the  ammonium  earUniate  it  contain-.  It  i- 
now  largely  supplanted  by  ammonia,  -odium  earU.uate,  -oap-.  etc.  The 
most  injurious  etl'ects  arise  from  the  use  of'  water  containing  lime  or  mag- 
nesia, because  of  the  formation  of  the  insoluble  lime  or  ma-n.  -ia  c.,mponnd- 
upon  the  fibre.  In  recent  year-  volatile  -olveiits.  like  tn-e|  oil,  ether.  jM-trn- 
lenm-naphtha,  carhon  disulphid*',  have  al-o  IMCU  [ntroduoed  for  -ciMirin^ 
purposes,  although  not  generally  in  favor  on  account  of  the  expcn-e  and 
risk  attending  their  n-c.  They  mu-t  l»e  followed  at  all  event-  l>y  a  wa.-hin- 
with  water,  as,  while  they  <li--olve  t'atty  matter-,  they  do  not  take  up  the 
oleates,  etc.,  of  the  wool-per-piration. 

Woollen  varns  and  woollen  cloth  are  al>o  semintl  to  free  them  from  the 
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oil  which  has  either  purposely  or  by  accident  been  put  upon  them  in  the 
spinning  and  weaving  operations.  The  scouring  of  "  union"  goods — that 
is,  materials  with  cotton  warp  and  woollen  weft — is  a  more  difficult  opera- 
tion on  account  of  the  differences  in  elasticity,  hygroscopic  character,  etc.,  of 
the  cotton  and  the  wool  fibre.  It  includes  the  operations  of  crabbing,  steam- 
ing, and  scouring. 

2.  Bleaching  of  Wool. — Wool  is  generally  bleached  either  as  yarn  or 
cloth.  The  bleaching  agent  in  general  use  is  sulphur  dioxide.  It  may  of 
course  be  applied  either  as  gas  or  as  sulphurous  acid  solution,  the  former 
method  being  generally  followed,  and  the  yarn  or  cloth  suspended  on  polos 
in  closed  chambers,  called  sulphur-stoves,  which  can  be  charged  with  the 
gas.  In  liquid  bleaching  with  sulphurous  acid,  a  solution  of  sodium  bisul- 
phite is  generally  used,  which  is  either  mixed  with  an  equivalent  amount  V)f 
hydrochloric  acid  or,  what  is  better,  the  goods  arc  passed  through  one  solu- 
tion after  the  other  in  separate  baths.  The  bleaching  of  sulphur  dioxide 
differs  essentially  from  that  effected  by  chlorine  and  hypochlorites  in  that  it 
is  not  due  to  oxidation,  but  to  reduction  or  possibly  to  the  formation  of  color- 
less compounds  with  the  natural  yellow  color  of  the  wool.  At  all  events,  it 
is  not  permanent  in  character,  and  the  yellow  color  gradually  returns  on  ex- 
posure to  atmospheric  influences  and  repeated  washings  in  alkaline  solutions. 

The  best  liquid  bleaching  agent  is  hydrogen  dioxide.  The  woollen  mate- 
rial is  steeped  for  several  hours  in  a  dilute  and  slightly  alkaline  solution  of 
the  commercial  H2O2  and  then  well  washed,  first  with  water  acidified  with 
sulphuric  acid  and  afterwards  with  pure  water. 

B.  SILK. — 1 .  Reeling  of  Silk. — The  unwinding  of  the  long  silk  fibre  from 
the  cocoon  and  bringing  it  into  condition  for  weaving  is  to  be  accomplished 
in  the  reeling  process.  The  cocoons  are  thrown  into  a  basin  of  warm  water 
to  soften  the  silk-glue  and  allow  of  the  fibres  being  separated.  From  four 
to  eighteen  fibres,  according  to  the  quality,  are  taken,  and  two  threads  formed 
by  passing  the  fibres  together  through  two  perforated  agate  guides.  After 
being  crossed  or  twisted  together  at  a  given  point  they  are  again  separated 
and  passed  through  a  second  pair  of  guides,  thence  through  the  distrib- 
uting guides  on  to  the  reel.  The  temporary  twisting  or  crossing  causes  the 
agglutination  of  the  individual  fibres  of  each  thread.  In  order  to  form 
long  threads  a  frequent  adding  on  the  fibre  of  a  new  cocoon  is  necessary. 
Care  must  be  taken,  also,  that  the  thread  remain  as  nearly  as  possible  of  uni- 
form thickness,  so  that  as  the  inner  fine  fibres  of  several  cocoons  come 
through  the  guides  another  cocoon  is  added  to  the  number  used  for  the 
thread.  One  cocoon  gives  .16  to  .20  or  at  most  .25  gramme  of  raw  silk.  The 
loss  through  removal  of  the  external  floss  varies  from  eighteen  to  thirty  per 
cent.,  according  to  the  cocoons  and  the  care  bestowed  by  the  worker.  Before 
this  raw  silk  can  be  used  for  weaving  two  of  the  threads  are  "  thrown" 
together  and  slightly  twisted. 

2.  Silk-conditioning. — Raw  silk  kept  in  a  humid  atmosphere  is  capable 
of  absorbing  thirty  per  cent,  of  its  weight  of  moisture  without  this  being 
at  all  perceptible.  It  therefore  becomes  a  matter  of  great  importance  for 
the  buyer  to  know  what  weight  of  normal  silk  there  is  in  any  given  lot. 
To  ascertain  this  with  accuracy,  there  have  been  established  in  a  number  of 
the  European  centres  of  silk  industry  conditioning  establishments.  The 
operation  is  carried  out  by  means  of  the  apparatus  shown  in  Fig.  96,  where 
a  number  of  hanks  of  silk  are  shown  in  the  drying  chamber.  A  test  hank 
of  silk  is  taken  from  the  bale,  and  having  been  suspended  from  the  one  ami 
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of  an  accurate  l.alanc.-  it-  initial  wri-jht  il  -.,11.  u.       It  i-  thru  dri.-d  in  a  .  -nr- 

ivnt  ..t'aii-  at  1  in  '  (  '.  until  c,,nMant  \\ .  -i-lit  i-  a-ain  nl.tain.d.      The  arrange- 

inrnt  of  the  drying  chamber  i>  -h».\\  n  in 

tin-  illu-tratinn.      'I'.,  tin-  final  \\ei^ht  <•!•- 

tained  for  the  dry  >ilk  eleven  JMT  cent,  is 

added,  and    the    n-ult  taken  :i>  a  normal 

silk  weight.     Tin-  average  ln>>  nf  \\ei-ht 

in    this    conditioning     pmer..>     is    alx.ut 

twelve  pel'  cent. 

3.  *S'/7/;-.N-ro// rlnij. — \\\  the  -<-.  .unii;: 
of  silk  the  Bilk-glue  is  removed  to  a 
greater  or  less  extent  and  the  fibre  IS 
rendered  lustn»ns  and  soft  and  altle  to 
take  the  dye-color.  According  to  the 
amount  of  silk-glue  removed  in  this 
operation  the  product  is  called  hni/i-tl-ntj' 
*///;,  souple  sHky  or  ecru.  In  the  first 
case,  the  loss  of  silk-glue  amounts  to 
twenty-five  to  thirty  per  cent,  of  the 
weight  of  the  raw  silk  ;  in  the  second, 
to  eight  to  twelve  per  cent. ;  and  in  the 
third  to  three  to  tour  per  cent,  of  the 
<  u-ip-inal  weight  of  the  silk.  In  preparing 
the  first  variety  two  operations  are  neces- 
sary, stripping  or  un(j«ininin(j  (clegom- 
mage)  and  boiling  off. 

The  hanks  of  raw  silk  are  suspended 
l)v  wooden  rods  in  a  rectangular  trough 

lined  with  copj>er  and  worked  by  hand  in  a  thirty  to  thirty-five  per  cent. 
snap  solution  heated  to  90°  to  95°  C.  When  the  water  is  very  hard  it 
mn>t  be  corrected  or  softened  previously.  Frequently  two  soap-baths  are 
used  one  after  the  other  as  the  first  one  becomes  charged  with  the  silk- 
glue.  The  silk  at  first  swells  up  and  becomes  glutinous,  Imt  a-  the 
dissolves  off  it  becomes  soft  and  silky.  The  waste  soapy  and 
liquid  obtained  is  called  "  boiled-otf"  liquor,  and  is  a  useful  addition  to 
the  dye-bath  in  dyeing  with  coal-tar  colors.  (See  p.  466.)  For  the  pur- 
pose of  removing  the  last  portions  of  the  silk-glue,  it  is  now  washed  in 
water  at  <>0°  C.,  to  which  some  snap  and  carbonate  of  soda  have  1>«  n  add.-d. 
then  put  in  coarse  heni]>en  bags  called  u  pockets"  and  lx»iled  lor  half  an 
hour  to  three  hmirs,  according  to-quality,  in  open  copper  v«—  eU  with  a  so- 
lution nf  ten  to  fifteen  per  cent,  of  soap.  It  is  then  rin.-«d  \\itii  a  \\.aU 
tepid  solution  of  sodium  carbonate,  and  finally  washed  in  cold  \\atei.  Silk 
intended  to  remain  white  or  to  be  dyed  pale  colors  is  then  at  once  bleached 
while  moist  with  gaseous  sulphur  dioxide  for  some  -i\  hours.  The  blraeh- 
ing  .operation  maybe  repeated  from  two  to  three  times,  according  to  the 
quality  of  the  silk. 

Souple  silk  is  that  which  has  been  prepared  for  dyeing  with  a  loss  of 
not  more  than  eight  jx?r  cent,  of  its  weight.  It  is,  however,  not  so  strong 
as  boiled-off  silk,  and  is  used  only  for  tram.  Its  preparation  always  in- 
cludes two  operations,  and  if  the  silk  is  to  be  dyed  light  <•..!,, r-,  twn  addi- 
tional operations  have  to  be  carried  out.  The  raw  silk  is  first  <k  softened," 
and  the  small  quantity  of  fatty  matter  present  removed  (deyraissaye)  by 
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This  is  followed  hv  «  stoving,"  or  treatment  with  sulphur 
,  without  removing  the  sulphurous  acid,  *>*»^rf  •£ 
plin,,  (a^pKssage)  proper.     This  consists  in  working  the  silk  for  abou 
in  hour  and  a  half  at  90°  to  100°  C.  in  water  containing  three  to  four 
,,nllllllli,  cream  of  tartar  to  the  litre.     This  **^^^^*^£ 
and  causes  it  to  swell  up  and  become  more  absorbent.     It  is  then  fi 
washed  iu  tepid  water.  .  , 

gcru  Bilk   is  raw  silk  which  has  been  washed  with  hot  water,  with  or 
witlm.it  K*p,  bleached  with  sulphur,  and  again  washed.     It  is  only  use 
for  a  has.-  for  other  silk  fabrics  like  velvet  or  dyed  in  blacks. 

TTT.  Products. 

A.  WOOL.—  We  have  already  alluded  to  the  distinction  between  worsted 
and  woollen  yarns.  Formerly  all  long-stapled  wools  were  combed,—  that 
k  th.-  fibres  were  brought  as  nearly  as  possible  parallel  to  one  another  and 
were  then  spun  into  what  was  known  as  worsted  yarn,  used  in  hosiery  and 
in  tin-  manufacture  of  fabrics  which  did  not  undergo  fulling.  All  short- 
stapled  wools,  on  the  other  hand,  were  carded  and  spun  much  as  cotton  is 
-pun,  and  the  yarns  so  obtained  were  the  only  ones  capable  of  being  used 
in  makinir  milled  or  fulled  cloths,  in  which  the  felting  property  of  wool  is 
availed  of  to  thicken  the  cloth  after  weaving  and  in  which  by  teasels  the 
nap  of  the  c!«»th  is  raised  so  as  to  present  a  uniform  surface.  All  kinds  of 
wool,  therefore,  were  formerly  divided  into  combing  and  carding  or  cloth- 
inir  wool-.  Machines  have  been  invented  latterly,  however,  capable  of 
combing  wools  having  as  short  a  staple  as  one  inch,  and,  on  the  other  hand, 
wools  with  a  staple  as  much  as  five  inches  long  may  be  used  in  making 
milled  doth.  So  the  distinction  between  the  several  wools  is  no  longer  as 
ab-olute  a>  it  OIK*  was. 

Amonir  the  chief  kinds  of  worsted  fabrics  are  serges  and  merinos  and 
inixi-d  Broods  of  wool  and  mohair,  alpaca,  and  camel's  hair.  Hosiery  and 
••nrjH-tx  also  belong  here,  although  the  best  of  these  latter  are  made  on  a 
L'n.  mid  of  >tron<:  linen  or  hemp.  The  principal  varieties  of  woollen  cloth 
are  bromlr/nflix,  the  iiuest  variety  of  woollen  cloth,  cashmeres,  a  fine  thin 
twilled  fabric,  ///vw/.v,  fabrics  of  looser  texture  than  broadcloth  and  less 
highly  milled,  f/o/-x/;/u,  a  strong  twilled  cloth,  blankets,  flannels,  etc. 

anoddy  is  a  material  made  from  fragments  of  cast-off  woollen  clothing 
torn  into  films  and  re-spun  into  yarn.  It  is  looser  in  texture  than  mungo, 
which  i-  made  from  remains  of  finer  fragments,  such  as  old  dress-coats, 
tailor's  dippings,  etc. 

A    third  -jradr  of  recovered  wool,  sometimes  called  extract  wool,  is  ob- 

tained from  union  goods  (mixed  woollen  and  cotton  goods)  by  the  process 

irboiii/inir  the  vein-table  fibre  and  then  beating  it  out.     The  carbonizing 

i-  done  with  dilute  sulphuric  acid,  with  aluminum  chloride,  or  with  gaseous 

hydrochloric  acid.     The  la-t  process  is  said  to  give  the  best  results. 

//.  SILK.  —  The  raw-silk  threads  obtained  in  the  reeling  process  are  not 
sutli  •:«  -utly  stroni:  for  use  in  the  loom,  so  several  must  be  united.  This  may 
be  done  in  different  ways.  By  the  union  of  two  or  more  single  threads, 
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separately  twisted  in  the  same  dinvtinn,  whirh  arc  tlicn  doubled  and 
retwisted  in  tin-  <>ppn>itr  direction,  is  obtained  urt/n ,r.inf.  The  best  grades 
of  silk  arc  alsn  taken  for  the  organ/me,  \\liidi  is  to  form  the  warp  in  silk- 
weaving.  The  product  of  the  union  of  two  or  more  simple  untwisted 
threads  whieh  are  then  doubled  and  singly  twisted  is  //•////*,  whieh  forms  the 
welt  in  weaving. 

II 'W< •*///;  is  that  which  proceeds  from  perforated  and  double  cocoon- 
and  such  as  are  soiled  in  steaming  or  in  any  other  way.  This  wa>te  .-ilk  i- 
washcd,  l>oiled  with  soap,  and  dried.  When  carded  and  spun  like  cotton  it 
yields  the  so-called  Jlurt-xilh. 

Satins  are  tissues  so  woven  that  almost  the  only  threads  npprarini:  «>n 
the  right  side  of  the  tissue  are  weft  threads,  which  present  a  uniform  "-lossy 
surface.  • 

Velvets  are  tissues  in  which  the  outer  surface  presents  to  view  a  short 
soft  pile,  made  by  passing  the  warp  threads  over  fine  wires,  which  are  after- 
wards drawn  out.  The  loops  then  remaining  are  either  left  as  they  are,  in 
which  case  the  tissue  is  called  pile-velvet,  or  cut  to  form  cut-velvet.  This 
fabric  is  now  largely  imitated  in  cotton  and  mixed  tissues. 

IV.   Analytical  Tests  and  Methods. 

1.  GENERAL  DISTINCTIONS  BETWEEN  VEGETABLE  AND  ANIMAL 
FIBRES. — A  general  scheme  for  distinguishing  between  the  several  classes 
of  fibres  has  been  proposed  by  R.  Schlesinger  in  his  "  Leitfaden  fur  die 
mikroskopische  und  mikrochemische  Analyse  der  technisch  verwendeten 
Rohstoife  der  Textil-Industrie."  It  is  in  outline  as  follows  : 


TREAT  WITH  CAUSTIC  SODA. 

The  fibre  does  not  dissolve  in 
ten  per  cent,  caustic  soda 
solution,  and  in  burning, 
which  takes  place  readily, 
does  not  develop  any  burnt 
horn  odor. 

Vegetable  fibres. 

The  fibre  dissolves  in  concen- 
trated  caustic    soda,   and 
when  treated  with  ammo- 
niacal  cupric  oxide  shows 
scales  upon  its  surface. 

Animal  hairs  or  wool. 

The  fibre  does  not  dissolve  in 
cold  ten  per  cent,  can  -  tit- 
soda,   but    dissolves    per- 
fectly in  concentrated  -sul- 
phuric acid  ;  shows  neither 
scales  nor  medullary  sub- 
stance. 

Silks. 

The  vegetable  fibres  are  then  to  be  studied  by  the  aid  of  the  iodine  and  dilute  sul- 
phuric acid  reaction,  and  the  several  groups  already  noted  in  the  classification  on  p.  263  are 
established. 

The  animal  hairs  are  to  be  distinguished  best  by  the  microscopical  characters  and 
measurements. 

The  several  varieties  of  silk  are  also  to  be  distinguished  by  a  comparison  of  the  diame- 
ters of  the  fibre  as  measured  under  the  microscope. 

Several  of  the  simpler  differences  between  the  vegetable  and  the  animal 
fibres  as  groups  have  already  been  alluded  to  in  classifying  the  fibres.  (See 
p.  262.)  Other  special  tests  are  as  follows  : 

1.  Millon's  reagent  (mercurous  and  mercuric  nitrate)  colors  the  animal 
fibres  red,  but  not  the  vegetable  fibres. 

2.  Liebermann  gives  the  following  test :    Prepare  a  fuchsine  solution, 
add  potash  solution  drop  by  drop  until  it  is  decolorized,  filter,  and  dip  in 
the  sample  of  goods.     Wool  or  silk  fibres  are  colored  red,  cotton  remains 
colorless. 
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3.  Ammoniacal  cupric  oxide  solution  dissolves  cotton  as  well  as  silk. 
While  cotton,  however,  is  precipitated  by  certain  salts  as  well  as  by  sugar 
and  gum,  silk  is  only  precipitable  by  acids. 

4.  As  wool  always  contains  sulphur,  a  sodium  plurubate  solution  (made 
by  boiling  red  lead  with  caustic  soda  solution  and  filtering)  is  at  once  black- 
ened on  contact  with  wool.     This  test  may  be  interfered  with  in  the  presence 
of  sulphur-treated  silk. 

5.  Wool  and  silk  may  be  distinguished  by  the  use  of  hot  hydrochloric 
acid.    Silk  dissolves  easily  in  this,  while  wool  merely  swells  up  but  does  not 
dissolve. 

6.  According  to  Hohnel,  wild  silks  behave  differently  from  true  silks 
with  chromic  acid.     If  a  cold  saturated  solution  of  chromic  acid  be  diluted 
with  an  equal  bulk  of  water  and  then  boiled  for  on£  minute  with  the  sample  of 
silk,  the  true  silk  dissolves  up,  while  the  wild  silk  remains  unattacked  even 
after  two  to  three  minutes'  boiling.     Wool  behaves  like  true  silk  in  this. 

A.  Remont  gives  a  process  for  determining  wool,  silk,  and  cotton  when 
mixed  in  the  same  fabric.  Four  pieces  of  about  two  grammes'  weight  each 
are  taken  ;  three  of  these  are  boiled  for  a  quarter  of  an  hour  in  two  hun- 
dred cubic  centimetres  of  three  per  cent,  hydrochloric  acid,  which  is  renewed 
if  the  liquid  becomes  strongly  colored,  and  the  samples  are  then  well  washed. 
The  dressing  is  thus  removed  and  the  coloring  matter  in  the  case  of  the 
cotton,  but  only  slightly  in  the  case  of  wool  and  silk  ;  the  weighting  of  the 
silk  with  iron  salts  is  also  completely  removed  by  the  hydrochloric  acid  if 
the  weighting  does  not  exceed  twenty-five  per  cent,  of  the  weight  of  the 
silk,  leaving  the  fibres  chestnut-brown  in  color.  Two  of  the  samples  thus 
treated  are  dipped  for  one  to  two  minutes  into  a  boiling  solution  of  basic 
chloride  of  zinc  of  specific  gravity  1.69 ;  then  thrown  into  water  and 
washed  first  with  acidified  water  and  then  with  pure  water.  This  removes 
the  silk.  The  basic  chloride  of  zinc  solution  is  prepared  by  heating  one 
thousand  parts  of  zinc  chloride,  forty  parts  of  zinc  oxide,  and  eight  hun- 
dred and  fifty  parts  of  water. 

One  of  the  two  samples  freed  from  silk  is  then  boiled  gently  for  a  quarter 
of  an  hour  with  sixty  to  eighty  cubic  centimetres  of  caustic  soda  solution  of 
specific  gravity  1.02.  This  is  best  done  with  inverted  condenser,  so  that  an 
injurious  concentration  of  the  soda  solution  is  avoided.  Wash  gently  with- 
out too  much  rubbing  and  the  wool  is  removed.  All  four  samples  are  now 
washed  for  a  quarter  of  an  hour  with  distilled  water,  pressed  out,  dried  in 
the  air,  and  weighed.  The  first  will  weigh  as  before,  two  grammes  or  nearly, 
a  slight  difference  of  a  few  milligrammes  being  neglected  ;  the  difference  in 
weight  between  the  first  and  second  samples  gives  the  dressing ;  that  between 
the  second  and  third  gives  the  silk ;  that  between  the  third  and  fourth  the 
wool  present,  and  the  weight  of  the  fourth  sample  the  vegetable  fibre  present. 
This  is  slightly  attacked  by  the  soda  solution,  and  in  the  case  of  cotton  it  is 
usual  to  reckon  five  per  cent,  as  the  loss  from  this  cause. 
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STATISI 


\\'noL — The  following  figures  show  ln.th  tin-  |»r.Mln,-ti.,ii,  , 

and  home  consumption  of  wool  for  the  United  JStat.-  t'..r  tin-  la-t  t. n 


Production. 

Imports. 

Total  produc- 
tion and  import*. 

BOSM 

umpilon. 

.:.;.    SI 

Pounds. 

Pounds. 

Pounds. 

Pout 

1880-81 

240,000,000 

f>;>,'.>64,286 

295,964,236 

290,886.. 

18.00 

1881-82 

272,000,000 

67,801.711 

Til 

836.9I8.T 

sotoo 

1882-83 

290,000,000 

70,675,478 

0.576,478 

866,600' 

19.07 

1883-84 

300,000,000 

78,350,651 

878,350,651 

896,085,668 

MUM 

1884-85 

308,000,000 

70,5%.  170 

378,696,170 

875,392,826 

is,,. 

1885-86 

:'.<>2,  000,000 

1  •_".».<>*  1,958 

431,084,968 

4-J-J  n-j  . 

:;...,; 

1886-87 

285,000,000 

114,038,030 

399,088,030 

892,061,998 

20.0] 

1887-88 

269,000,000 

113,558,753 

382,668,768 

•78.1  :•;.-.> 

10,00 

1888-89 

265,000,000 

126,487,929 

891,487,729 

388,088,069 

81.76 

1889-90 

205,000,000 

105,431,281 

870,431,281 

866,911,773 

28.78 

The  number  of  sheep  in  the  United  Stat<-.  a.s   n-jM»rtf«l  l»y  tin-   1  >« -j.art- 
ment  of  Agriculture,  nadied  its  highest  figure  in   1HH4,  when  tin-  ti-m. 
reported  was  50,626,626.     In  1888  it  was  43,544,755;  in  issji,  U 
079 ;  and  in  1890,  44,336,072. 

The  following  statistics  of  the  Australian  \\«"»1  e.\jH>rt  are  given  in  tin- 
United  States  Consular  Reports  of  June,  1890 : 

1888-89. 
i',i:,- 

Victoria 836,702 

New  South  Wales 422,868 

Queensland 87,768 

South  Australia 118,666 

West  Australia 21.1T<> 

Tasmania 19,686 

New  Zealand 207,028 

1,215,712 


BllM 

400,460 
448,820 


:  ;    _: 
84,887 
19,251 

210,265 


The  value  of  the  clip  in  1889-90  is  placed  at  £21,253,188,  or  $103,- 
428,639. 

The  number  of  sheep  in  all  the  An-tralian  colonies  in  1890  is  estimated 

at  100,000,000. 
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The  annual  wool  production  of  Russia  is  estimated  at  10,000,000  poods 
(160,700  tons),  approximately  six  pounds  of  wool  per  sheep. 

Silk. — The  statistics  for  the  production  of  raw  silk  throughout  the  world 
are  thus  given  in  the  United  States  Consular  Reports  of  June,  1890 : 


1884. 

1885. 

1886. 

1887. 

1888. 

Western  Europe  : 
France      

Kilos. 
483,000 

Kilos. 
535,000 

Kilos. 
677,000 

Kilos. 
717,000 

Kilos. 
798,000 

Italy     

2,810,000 

2,457,000 

3,188,000 

3,476,000 

3,566,000 

Spain    

85,000 

56,000 

52,000 

78,000 

83,000 

Austro-Hungary    . 
Eastern  Europe  : 
Anatolia       .... 
Salonica,  Volo,  and 
Adrianople  .    .    . 

142,000 
185,000 

95,000 
230,000 

168,000 
172,000 

100,000 
256,000 

217,000 
206,000 

125,000 
233,000 

264,000 
188,000 

135,000 
340,000 

307,000 
170,000 

120,000 
231,000 

20,000 

20,000 

20,000 

20,000 

18,000 

Caucasus  

20,000 

75,000 

93,000 

55,000 

50,000 

Shipments  from 
Shanghai              . 

2  695  000 

2  631  000 

2  387  000 

2  459  000 

2  256  000 

Canton 

774000 

715  000 

1  357  000 

1  411  000 

695  000 

Yokohama  .... 
Calcutta   

1,346,000 
861,000 

1,372,000 
760000 

1,478,000 
781  000 

2,217,000 
791,000 

2,400,000 
1  Oil  000 

Total     

9,926,000 

9,317,000 

10,814,000 

12,151,000 

11,705  000 

RAW   MATERIALS. 
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ANIMAL  TISSUES    AM.    Mil  lit   PRODUCTS. 

A.  LEATHER  INDUSTRY. 

I.   Raw  Materials. 

1.   ANIMAL    Him-:.-    \M>   SKINS. — The    umi-t    animal    skin    undergoes 
decomposition  very  rapidly;   if  dried   U-coines  -till'  and   horny,  «.r  if  boiled 
with  water  is  changed  into  soluble  glue.     The  object  of  tanning  is  to  bring 
the  animal  skin   into  such  a  condition   that  decomposition 
after  drying  it  no  longer  forms  a  -till'  horny  ma-.-,  but  an  opaque  ti.— ue  in- 
soluble in  water,  distinctly  fibrous  and   pliable.     The  product  known  as 
leather  has  properties  which  at  once  distinguish  it  from  the  unianim!  1 
such  as  greater  or  less  impermeability  to  water  and  toughm--  ;  th. 

Nevertheless,  the  best  authorities  on  the  subject  Iwlievc  that  in  the  main 
tanning  is  a  physical  rather  than  a  chemical  proce— ,  and  that  the  fun-  • 
of  the  tanning  material  is  chiefly  to  penetrate  the  pores  of  the  skin  and 
envelop  the  individual  fibres  so  that  in  drying  they  are  present,  d  from  ad- 
hering and  so  stiffening  the  whole  mass.  The  power  of  the  .-kins  to  fix 
tanning  materials  upon  the  surface  of  its  fibres  varies  considerably  accord- 
ing to  the  nature  of  the  material  used,  and  in  many  grade-  of  leather  is 
undoubtedly  supplemented  by 

a  chemical  combination  of  the  Fio.  97. 

coriin   of  the   skin  with   the  ,  jjaltfc         ir^ih^        -ffifr*^ 

tannin.  h 

To  understand  the  nature 
of    the    change    svroiight    by 
tanning  in  the  animal  hide,  it  is 
necessary  first  to  refer  briefly  to 
its  anatomical  structure.     Fin. 
i>7  .-hows  a  section  of  ox-hide 
cut  parallel  with  the  hair,  mag- 
nified    about     fifty    diameters.     ^ 
It    OODBlStB  essentially  of  three 
layers:  the  cp/W< /•////*,  svhich  is 
itself  made    up  of  two  la; 
the  outer  horny  layer  or  cuticle    b 
A,  a  dead  layer  svhich  is  con- 
tinually wearing  otV  and  being 
renewed,  and  the  inner  miicoti- 
layer    II,   the   /-. /,     Mn/jtit/hi%  a     R 
svaterv    cellular    laver.    which 
rests  upon  the  true  skin  and  is 
continually  reuesviug  the  outer 

layer;  the  derma  or  oortttfft,  the  true  skin,  O,  svhich  alone  is  the  leather- 
making  tissue;  and  the  fatty  under  tissue,  shown  in  the  illustration  at  D,  in 

20 
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which  the  perspiratory  and  sebaceous  glands  are  embedded.  Both  the  epi- 
dermis and  the  under  tissue  are  removed  in  the  preparatory  processes  of 
tanning,  so  that  the  corium  alone  remains  to  combine  with  the  tanning 
materials  to  form  leather.  The  hair  of  the  animal  is  enclosed  in  hair- 
sheaths,  which  pass  down  through  the  epidermis  and  rest  upon  the 
corium,  from  which  in  life  the  hair-glands  draw  their  nourishment.  The 
corium,  or  true  leather-forming  layer,  is  composed  of  bundles  of  inter- 
lacing fibres,  between  which  is  found  an  albuminoid  substance,  coriin, 
which  as  the  skin  dries  cements  the  fibres  together  and  stiffens  the  hide. 
This  is  insoluble  in  water  but  soluble  in  lime-water,  and  hence  removed 
in  large  part  by  the  process  of  liming  to  which  the  hides  are  sub- 
mitted. 

The  animal  skins  which  are  utilized  in  the  manufacture  of  leather  are, 
first,  those  of  the  ox,  cow,  buffalo,  horse,  etc.  These  are  known  as  hides  9  or 
if  from  younger  animals  of  the  same  kind  as  kips.  Second,  those  of  the 
calf,  sheep,  goat,  deer,  etc.  These  are  known  as  skins.  For  special  pur- 
poses the  skins  of  crocodiles,  alligators,  porpoises,  and  seals  are  also  made 
into  leather. 

The  hides  may  come  to  the  tannery  according  to  the  source  whence  ob- 
tained either  as  fresh  or  green  hides, — that  is,  direct  from  the  slaughter- 
houses,— as  wet  salted,  as  dry  salted,  and  as  dried  hides.  In  addition  to  the 
domestic  production,  which  is  very  large  in  consequence  of  the  great  cattle- 
raising  industry  West  and  Southwest,  great  numbers  of  hides  are  imported 
into  the  United  States  from  the  Argentine  Republic  and  the  River  Plate 
in  South  America.  England  imports  from  India,  the  Cape  of  Good  Hope, 
and  Australia  as  well  as  from  South  America. 

2.  TANNIN-CONTAINING  MATEKIALS. — The  conversion  of  the  hides 
into  leather  is  usually  accomplished  by  the  action  of  an  extract  or  infusion 
of  tannin  or  tannic  acid.  This  powerful  astringent  acid  is  very  widely  dis- 
tributed in  nature,  being  found  in  barks,  roots,  leaves,  seed-pods,  flowers, 
and  fruits,  and  in  excrescences  on  trees.  More  accurately  speaking,  we 
find  a  number  of  varieties  of  tannic  acid  in  these  different  vegetable  sources, 
of  which  some  are  more  valuable  for  tanning  than  others.  As  a  class  they 
are  readily  soluble  in  water,  amorphous,  of  slight  acid  reaction,  and  astrin- 
gent taste.  They  yield  with  iron  salts  bluish-black  or  greenish  precipitates, 
throw  gelatine  and  albumen  out  of  solution,  and  change  hides  into  leather. 
In  tanning  it  is  not  necessary  to  extract  the  acid  in  a  pure  state,  but  in- 
fusions are  made  from  the  powdered  barks  as  needed,  or  concentrated  ex- 
tracts prepared  for  this  purpose  are  used.  We  will  note  briefly  the  more 
important  tannin-containing  materials  used  at  the  present  time  in  leather 
manufactures. 

Oak-bark. — The  common  English  oak  (Quercus  Robur),  which  includes 
the  two  varieties  Q.  pedunculata  and  Q.  sessiliftora,  is  one  of  the  most  im- 
portant materials.  It  contains  from  twelve  to  fifteen  per  cent,  of  tannic 
acid  and  produces  an  excellent  quality  of  leather.  Other  varieties  in  use 
are  Quercus  cocci/era  (or  kermes-oak),  of  which  the  bark,  known  as  coppice- 
oak,  is  yellowish-brown  in  hue  and  very  rich  in  tannin  ;  Quercus  suber  (or 
cork-oak)  and  Quercus  Ilex  (or  evergreen-oak),  both  of  which  are  grown  in 
Algiers,  Italy,  Spain,  and  the  South  of  France.  In  the  United  States  the 
most  important  varieties  of  oak  are  Quercus  prinus  or  castanea  (chestnut- 
oak)  ;  Quercus  rubra  (common  red-oak) ;  Quercus  alba  (or  white-oak). 
The  tannin  of  the  several  varieties  of  oak  is  known  as  quercitannic  acid. 


RAW  M.MLKIVLa  :;<>; 

According  to  the  resean  1 n-  «,t    Kni/  the  main  e,,n-tituent-  •  •!'  the  ,,ak-l.ai  k 

are  <in,-rrit<innir   tn-'nl  \\  \\\\    the    formula  <       II    0  -I  anh\  dride,  i,hl»- 

/Hijt/i','..   <      II    <»     ;    it-   -,r,,nd   anhydrid'  -.   <     ,11    (l  nh\dride, 

Us,  /-'.s-  nil/:-,;  </,  <        II     ()      ;     i  |  „  |  i  I  -  (in  1 1't  It  all  ll  \  « I  fl-  !•  <         I  I      <    '     . 

(  )|'  these,  the  <|iiereitannie  add  and  tlnf  phlobaphene  ETC  *|M-eiall\ 
in  the  tannin-   pn.e,  — . 

l/'iit/<H'/:-/nn'/:. — Tin-  hark  «.f  the  h.inl.M'L  < 

and  the  Tinted  States  contain-  nearly  fourteen  JM  i-  •-, m.  of  tannin.      Thi-  i- 
extensively  Ufled,  either  jointly  \\ith   oak-hark   (iiiiinii  tamiid    Lather 
a  >iil»-titnte  I'M!'  it,  in  the  manufacture  «•!'  -"le-l.-athei-.      It  i>  -aid  {•>  pntiliiii' 
a  harder  leather  than  nak-l>arU,  hut  !»•>>  pliahlc  and  i  vater. 

A    solid    extraet    trmn    the    heinlnek-hark    e,  .ntainin-j     iVnin    l\\«-nt\-t'. 
thii'ty-five  |)ei- eeni.  of  .d    tannin  i-  |>iv|.an-<l  in  laiyr  ipiantitii  -  l-i 

e\|»nrt.      The  prndiirtiiiii  ot'  this  solid   extraet   i-  ~aul  to  be  at    pr- 
siderably  over  ten   thmisind   ti.n-   per  annnin.      Liijnid   extrarts  \\ith   titty 
pel-  eriit.  of  solid  matter  are  al-M  lar-.  1\    -..Id. 

rin,-/nirl:  i-  niiieh  n-,«l  in  An-tria.  liavaria,  and  Suithern  <  ii-nnanv. 
It  Contains  from  Seven  to  ten  JMT  cent.  <>t'  tannin  and  cnn-idcraKle  re-iimns 
extractive  matter.  It  d«»e-  n,.t  yield  sn  -..,,«!  a  leather  a-  nak-l.ark. 

Closely  related  and  x.mrwliat  "-ed  are  the  liark-Mt'  the  \\' It ite  Spruce, 
the  7,<//v//,  and  the  /•'/'/•. 

}\'i//oir-t)<trl:. — S-veral  -peeies  <»f  the  \\illn\\ ,  n< italilv  >"//'./•  dr0MN"M  and 
N.  OOpraXI^  are  Used  in  llns.-ia  and  I>enniark  for  the  tanning  of  li-hte|-  -kin-, 
for  the  nianni'aetiire  of  u'love  leather  and  the  so-<-all<  •  I  Roam  l-ath.r.  It 
is  Stat<-o!  that  the  yearly  eon-ninption  of  \\illo\\-hark  in  Kn— ia  at  pr- 
-••me  -ix  and  a  half  million  kilo-,  a-jain-t  two  and  a  halt'  million  kilos,  of 
all  oth«T  tanning  harks.  The  penvnta-je  ..f  tannin  in  the  willow  i-  n-nally 
Liiven  at  from  three  to  live  per  rent.,  although  Kitnrri  found  over  twelve 
per  cent,  in  -everal  sjK-eics. 

( '/nxtnnf-n'innl. — The  wood  of  the  ehe-tmit  ( <  nxtanea veaco)  conta i n -  t'n.in 
ei-ht  to  ten  per  criit.  of  a  tannin  which  cln-ely  iv.-embles  ^illotannir  aeid. 
The  exti-act,  cniitainin^  from  fourteen  to  twenty  percent,  of  tannin,  is  used 
largely  to  modify  the  color  produced  l»y  bemloOC  extract  and  t'.»r  tanning 
and  dvein-. 

//,, .,-.,. , •/,,  J;lllfJ,,n'h. — The  hark  of  the  hor-eehe-nmt  (.facttlii*  liijijtoca*- 
tn  n  a  in]  i-  al-<»-aid  to  l>e  n-c<l  i'..r  the  mam  if  ad  lire  of' an  e\ti-a.-t  nnd«-r  th 
pie  name  of  "chestnut  extract,"  l>nt  such  manufacture  in  the  Tuin-d  States 
i-  very  doubtful. 

QaUcku  (or  Ciiff/i]  is  the  name  jrivcn  thedi'ied  extraet  fri-m 
'•////,  cultivated  in  India  and   IJunnah,  and  containing  forty-five  t«.  iitty-tive 
])er  cent,  of  a  special  variety  of  tannic  acid  (eate«-hn  «.r  mimotannie i.      The 
extract  i-evaporat»'d  until  a  -emi—  olid  dark-l»n»\\  n  pn»«luct  i-  olitaiin-tl.     This 
is  exported  in  mats,  bags,  and  IM.XC-  to  Kuru|»ean  and  Anieric:in  markets. 

d'linhi'  /•  nr  (Jinn/lit-  •«-l,n)  i-  the  drie<l  e\t  raet  from  thel.avesof 

r,i<-<t,'i<t  (t'mn/ti'-r:u\t\  r.<i<'i<!>t.  1 1  c..ntain-  t  liirty  — i  x  tof«n-ty  p.-r  e.-nt.  of  a 
In-own  tannin  which  rapidly  |M  n<  trate-  l.-ather  and  tend-  t.»-\\ell  it,  Imt  taken 
alone  produces  a  soft,  porous  tanna-e  :  it  i<  largely  used  in  conjunction  with 
other  materials  for  tanning  both  liuht  and  heavy  leather-.  It  is  exported 
from  Singapore  in  pressed  blocks  and  culx  -.  The  «  ateehutannicacid  of  cutch 


Chomical  Tcchmil.^y.  13th  cd.,  p.  lOol, 
t  \  .  llohnel,  Die  Gerberinde,  p.*90. 
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and  gambier  differs  from  gallotannic  acid  in  giving  a  grayish-green  precip- 
itate with  ferric  salt  and  no  reaction  with  ferrous  salts ;  by  giving  a  dense 
precipitate  with  cupric  sulphate  and  none  with  tartar  emetic.  They  also 
contain  catechin,  which  is  said  to  be  an  anhydride  of  catechutannic  acid. 

Kino  is  an  extract  somewhat  resembling  cutch,  and  is  the  dried  juice 
from  a  variety  of  plants.  Thus,  the  East  Indian  kino  is  obtained  from 
Pterocarpus  marsupium,  the  Bengal  kino  from  Butea  frondosa,  the  African 
from  Pterocarpus  erinaceum,  and  the  Australian  from  the  several  species  of 
Eucalyptus.  It  ordinarily  forms  small  angular  fragments  of  black  lustrous 
appearance,  brittle,  and  crumbling  to  brown-red  powder.  It  contains  thirty 
to  forty  per  cent,  of  a  tannin  (kinotannic  acid)  analogous  to  catechutannic 
acid,  together  with  phlobaphene. 

Sumach  consists  of  the  powdered  leaves,  peduncles,  and  young  branches 
of  Rhus  coriaria,  Rhus  cotinus,  and  other  species  of  Rhus.  Thus,  Sicilian 
sumach,  the  most  esteemed  variety,  is  from  R.  coriaria  ;  Spanish  sumach  is 
from  several  species  of  Rhus,  and  comes  in  three  varieties,  Malaga,  Molina, 
Valladolid  ;  Tyrolean  sumach  from  R.  cotinus  ;  French  from  Coriaria  myr- 
tifolia ;  American  from  R.  glabra,  R.  Canadense,  and  R.  copallina.  The 
leaves  are  collected  while  the  shrub  is  in  full  foliage  and  cured  by  dry- 
ing in  the  sun.  They  are  then  ground  under  millstones  and  the  product 
baled.  The  sumach  contains  from  sixteen  to  twenty-four  per  cent,  of  a 
tannin  which  seems  to  be  identical  with  gallotannic  acid.  The  American 
variety  contains  usually  six  to  eight  per  cent,  more  than  the  European,  but 
also  contains  more  of  a  dark  coloring  matter,  which  renders  it  inferior  to 
the  Sicilian  sumach  for  white  leathers. 

Myrobalans  (or  Myrabolans). — The  fruit  of  several  species  of  Termi- 
nalia  found  in  Hindostan,  Ceylon,  Burmah,  etc.  Myrobalans  varies  in  size 
from  that  of  a  small  hazel-nut  to  that  of  the  nutmeg.  The  tannin  occurs 
in  the  pulp  which  surrounds  the  kernel.  It  is  generally  used  in  combina- 
tion with  other  tanning  materials  to  modify  the  objectionable  color  which 
some  of  the  latter  impart  to  the  leather.  By  itself  it  produces  a  soft  and 
porous  tannage. 

Valonia  is  the  commercial  name  for  the  acorn  cups  of  several  species 
of  oak,  Quercus  cegilops  and  Quercus  macrolepis,  coming  from  Asia  Minor, 
Roumelia,  and  Greece.  They  are  of  a  bright-drab  color,  and  contain 
twenty-five  to  thirty-five  per  cent,  of  a  tannin  somewhat  resembling  that 
of  oak-bark,  but  giving  a  browner  color  and  heavier  bloom.  It  is  generally 
used  in  admixture  with  oak-bark,  myrobalans,  or  mimosa-bark,  because  of 
itself  it  produces  too  brittle  a  leather. 

Mimosa-bark  (Wattle). — The  bark  of  numerous  species  of  Acacia  (A. 
decurrens  and  A.  dealbata)  from  Australia  and  Tasmania,  contains  from 
twenty-four  to  thirty  per  cent,  of  mimotannic  acid.  The  bark  comes  into 
commerce  chopped  or  ground  and  also  in  the  form  of  an  extract.  It  makes 
a  red  leather  and  is  generally  used  in  admixture. 

Dim-dim. — The  seed-pods  of  Ccesalpinia  Coriaria,  a  small  tree  found 
in  the  neighborhood  of  Maracaibo,  South  America.  The  pods  are  about 
three  inches  long,  brownish  in  color,  and  generally  bent  by  drying  into  the 
shape  of  the  letter  S.  It  contains  thirty  to  fifty  per  cent,  of  a  peculiar 
tannin  somewhat  similar  to  that  of  valonia,  but  is  liable  to  fermentation. 

Quebracho. — This  is  the  name  applied  to  several  South  American  trees 
possessing  hard  wood.  They  are  Aspidosperma  Quebracho  (Quebracho 
bianco),  Loxopterygium  Lorentzii  (  Quebracho  Colorado).  The  wood  and  bark 
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of  tlu-   latter  contain    IV. .m    fill.-,  n  i..  t\\cni\ -ihni-  i.  of  a  bright  red 

tannin.       I  loth  the  \\  <>od  and  tin-  c\tr:i,  t  an-  u-^l  jn  tam 

\nfi/ti//.-<  i-  tin-  t.-rni  a|i|ilic<|  t..  the  <  \  resuences  on  plants  produced  by 

the    punctures   <>!'    in-ect-    f..r   the    purpo-<-   of  depM-itini:    th.  ir  e-L 
principal    commercial    kind-    :uv    oak  --jail-    (off    Akpp«.    -all-     and    < 'liineee 
gall-.      The  fir-t  of  these  are   the    product  ,,!'  th.-  female  "I    an  Jl.d 

f  W/ »-,  which  pier,-,-  th,.   |,nd-  .,n  the   \Mim_r   I, r:i,,ch,~  ,,f  the  Quercu* 

fa  and  nilicr  RMOMI  "f  oak.       In  th.  f  the   pdl    thn-   pffodtmd 

the  larva  i-  hatched  and  under^oe-  it-  Iran-format'  it  88 

a  winded  in-ect  in  five  to  SIX  ni"nth-.       1C  the   -all-   are   -atli-nd  \\hil.-  the 
in-ect   i-    in  the  larval  .-tale  th<  \    an-  kn..un  a-  "  \>\  all-  ;    it' 

the  in-cct  ha>  cut   its  way  mit  they  aiv   kn.,wii  as  "  \vlii- 
interior  character  and  less  a-trin-cnt.     The  best  oak-^alls  mntain  fnim  -ixty 
lo  seventy  per  <-cnt.  of  gallMtannic  acid. 

The  Chinese  gallnnt-  are  the  pr.idnct  tV<.ni  the  /,'////>•  Hfiniulufn.  the  leaves 
of  which  arc  punctured  l>\  an  in-ect,  the  .ly/A/.v  ( '////////>•/.-.  Th.  nut-  are 
of  irregular  shape  luit  an-  very  rich  in  tannin,  containing  ulxmt  seventy  per 
cent. 

l\n<>l>it<-,-,i   are  o-alU   fruin    iininatnrc  acorns  of  wveral    -|>ecie8  of  oak 
largely  used  for  tanning  in  Austria.     They  contain   ln.m   t\\enty-ei-l 
thirty-live  per  cent,  of  tannin. 

n.  Processes  of  Manufacture. 

Leather  may  be  manufactured   from   hides  or   -kin-  by  a  numb* 
methods,    which    may    l>e   Hiinmari/ed,    however,    under  three   head-. — 
tanning  by  the  use  of  feumin-QODtaining   harks  or  extract-  ;  tanning  l»y  tin- 
aid  of  alum  and  other  chemical  salts,  frequently  called  "tawing;"  and   the 
manufacture  of  soft  leather  1>\   treatment  of  the  -kin-  with  Mil-. 

\Vc  will  note  first  the  methods  involving  the  u-e  of  tannin-containing 
materials,  and  these  again  ditl'cr  .-onicwhat  accMrding  to  the  _Lrrade  of  leather 
to  be  made  and  the  character  of  the  hide-  or  -kins  n-ed. 

A.    M  A  N  r  FACTURE  OF  Sou->ii:  \nii.i:.—  l.  Sqflmmg  »nd  Ctcangino 

the  Hi<1t'#. — This  process  differ-  aee,.|-.l in-  a-  the  hide- aiv  taken  in  the  frc-h 
or  green  state  or  are  salted  or  dried,  l-'.-r  t'n-h  hid.--,  a  wa.-hing  with  pure 
water  to  cleanse  them  from  dirt  and  Mood  i-  all  that  i-  nee, 
pare  them  for  the  next  or  "-\\dling"  process.  For  -altcd  hides,  a  soak- 
in-  in  tVe-li  \\ater  for  from  two  t<>  three  days  is  neoessan*,  while  t'..r 
hard  dried  hide-  a  longer  treatment  i-  iiecc— ary.  tir-t  in  \\atcr  which  has 
been  repeatc<lly  u-ed  for  -ofteninir  and  afterward-  in  fr.-h  \\ater.  Tin- 
involve-  often  a  -li^ht  putrefaction  of'  the  coa«:ulate<l  alhuineii  of'  the  dry 
hide.  To  control  this  and  prevent  injury  to  the  coriiim  of'  the  hide  a  weak 
salt  solution  (five  per  ccnt.i  i-  often  n-ed  in  this  prolonged  softening. 
"  Stocking"  or  kneadin-  the  hide-  with  heavy  rolls  or  breaking  weights  18 
also  needed  f'oi'  heavy  hide-  \\hieh  have  hceii  dri«-«l. 

•J.  />,-lntiri,it/  <n>'l  X//v////»//. — The-e  ..p. -ration-  aiv  carried  out  together. 
As  the  swelling  proceed-  the  cell-  in  which  the  roots  <.f'  the  hair  are  embedded 
arc  softened,  so  that  the  hair  i-  ea-il\  removed  l>y  mechanical  means.  Tin- 
horny  epidermi-  i-  -imilarly  -ott.-n-'d.  -o  that  it  «-an  U-  rcniov.il  l>\-  the  same 
meaii-.  The  swelling  may  l»e  effectwl  hy  x-veral  different  metfaoot:  (1)  by 
su'i-fttiiKj  ;  (iM  l»v  fi'«itii\<'nt  with  tfr/W  ////<-//'///"/•  ;  (.".i  hy  //,/,/',/,/  .-  (  1)  l»y  treat- 
ment with  sulphides  of  sodium  and  calcium,  etc.  The  sweating  process  now 
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in  use  is  the  so-called  "  cold  sweating"  method,  and  consists  in  hanging  the 
hides  in  a  moist  chamber  kept  at  a  uniform  temperature  of  60°  to  70°  F. 
(15°  to  21°  C.),  so  that  an  incipient  putrefaction  ensues  which  attacks  the 
soft  parts  of  the  epidermis  and  root-sheaths  before  materially  injuring  the 
corium  or  leather-forming  material.  This  method  is  that  generally  followed 
for  sole-leather  in  this  country  and  on  the  Continent  of  Europe,  while  in 
England  liming  is  more  generally  adopted.  The  swelling  with  acid  tan- 
liquor  depends  upon  the  action  of  the  acids  which  are  present  in  considerable 
quantity  in  old  tan-liquors  and  their  effect  upon  the  connective  tissue. 
The  swelling  and  unhairing  by  lime  always  adopted  for  small  skins  is  also 
used  for  sole-leather  hides  in  England.  A  view  of  the  lime-pits  and  skins 
in  process  of  softening  by  lime  as  carried  out  in  morocco  tanneries  is  shown 
in  Fig.  98.  The  action  of  the  lime  upon  the  hide  is  in  part  a  solvent  one. 
The  hair-sheaths  are  loosened  and  dissolved  and  the  hardened  epidermis 
swells  up  and  softens,  so  that  both  come  away  more  or  less  completely  with 
the  hair  when  scraped.  The  intercellular  substance,  or  coriin,  as  before 
stated,  is  also  soluble  in  the  lime-water,  and  as  this  is  removed  the  fibrous 
nature  of  the  leather-forming  skin  becomes  more  evident.  The  hides  are 
generally  put  into  several  lime-pits  in  succession,  in  the  first  of  which  is 
old  liquor  with  the  weakest  alkaline  reaction  because  of  its  partial  satura- 
tion with  organic  material,  and  in  the  last  the  liquor  is  the  freshest  and 
strongest  in  alkaline  reaction.  The  hides  require  to  be  turned  and  changed 
in  position  during  this  liming  process  as  well  as  removed  from  one  pit  to  the 
other.  The  swelling  and  unhairing  by  the  use  of  alkaline  sulphides  largely 
used  upon  the  Continent  of  Europe  consists  in  taking  a  solution  of  sodium 
sulphide  (made  from  alkali-waste  by  Schaffner  and  Helbig's  process)  and 
bringing  it  to  a  thin  pasty  condition  with  lime.  This  is  then  spread  upon 
the  hair  side  of  the  hides  and  they  are  packed  together  for  five  to  twenty 
hours,  when  the  loosened  hair  and  sulphide  paste  is  washed  off  and  the  hides 
left  in  water  a  time  longer  to  "  plump"  or  swell.  Another  process  uses  the 
sulphide  in  solution  only.  The  hair  having  been  loosened  by  one  or  the 
other  of  the  means  just  described,  it  is  to  be  removed  by  mechanical  means. 
This  is  usually  done  on  the  "  beam,"  a  sloping  frame  of  wood  or  metal  with 
a  blunt  two-handled  knife,  which  pushes  the  hair  downward  and  away  from 
the  workman.  After  the  unhairing,  the  loose  flesh  and  fat,  the  latter  some- 
what saponified  by  the  lime,  are  next  removed  from  the  inner  side  of  the 
hide  by  a  sharp-edged  knife.  Hand  "  fleshing"  is  in  many  cases  superseded 
by  machine  treatment,  as  the  hide  must  not  only  be  scraped  but  worked  to 
force  out  the  fat  which  remains  in  the  loose  tissue,  as  this  would  impede 
tanning.  The  hides  after  the  fleshing  are  trimmed,  and  the  inferior  ends 
and  edges  are  cut  off  with  a  sharp  knife.  They  have  still  to  be  freed  from 
the  traces  of  lime  which  they  have  absorbed  during  the  lime  treatment 
before  they  can  be  put  in  the  tan-liquors.  This  used  to  be  done  for  sole- 
leathers,  as  it  is  still  done  for  calf-  and  goat-skins,  by  means  of  "  bate,"  or 
dung  of  animals,  mixed  with  water,  but  that  is  now  almost  entirely  replaced 
by  the  use  of  dilute  acids  which  shall  combine  with  the  lime,  when  the  lime 
salts  so  formed  are  to  be  washed  out.  Dilute  sulphuric,  phosphoric,  and 
hydrochloric  acids  have  been  used  (the  latter  being  best  because  its  lime 
salt  is  soluble),  as  well  as  the  acid  tan-liquors  containing  gallic,  acetic,  and 
lactic  acids.  The  organic  acids  are  considered  to  be  safer  for  the  hide  than 
the  inorganic. 

3.   Tanning. — The  bark  or  other  tanning  material  must  be  crushed  and 
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then  ground  to  a  state  sufficiently  fine  to  allow  of  the  extraction  of  the  tannic 
acid,  and  yet  not  so  fine  as  to  cause  it  to  cake  together  in  clayey  masses. 
This  is  accomplished  in  bark-mills  and  disintegrators  of  various  kinds, 
which  need  not  be  specially  described  here.  The  tan-house  into  which  the 
cleansed  and  prepared  hides  or  "  butts"  now  come  is  provided  with  rows  of 
pits  running  in  parallel  lines,  which  are  to  contain  the  butts  during  their 
treatment  with  the  tan-liquor.  The  butts  in  most  cases  are  first  suspended 
in  weak  tanning  infusions  before  they  go  into  the  first,  or  "  handler,"  pits. 
The  object  of  this  is  to  insure  the  uniform  absorption  of  tannin  by  the 
skins  before  subjecting  them  to  the  rough  usage  of  "  handling/7  which  in 
the  early  stages  of  the  process  is  liable  to  cause  injury  to  the  delicate  struct- 
ure of  the  skin.  During  this  suspension  the  skins  should  be  in  continuous 
agitation  to  cause  the  tannin  to  be  taken  up  evenly.  Both  the  suspension 
and  the  agitation  are  accomplished  generally  by  mechanical  means.  From 
the  suspenders  the  butts  are  transferred  to  the  "  handlers,"  where  they  are 
laid  flat  in  the  liquor.  They  are  here  treated  with  weak  infusion  of  bark, 
commencing  at  about  15°  to  20°  by  the  barkometer  (see  p.  319),  and  are 
handled  twice  a  day  during  the  first  two  or  three  days.  This  may  be  done 
by  taking  them  out,  turning  them  over,  and  returning  them  to  the  same 
pit,  or  more  generally  by  running  them,  fastened  together,  from  one  handler- 
pit  into  another.  The  treatment  of  the  butts  in  the  handlers  generally  occu- 
pies about  six  to  eight  weeks,  by  which  time  the  coloring  matter  of  the  bark 
and  the  tannin  should  have  "  struck"  through  about  one-third  of  the  sub- 
stance of  the  skin.  Many  of  the  butts  will  have  become  covered,  more- 
over, with  a  peculiar  "  bloom"  (ellagic  acid)  insoluble  in  water.  They  are 
now  removed  to  the  "  layers,"  in  which  they  receive  the  treatment  of  bark 
and  "  ooze,"  or  tan-liquor,  in  progressive  stages  until  the  tanning  is  complete. 
Here  the  butts  are  stratified  with  ground  oak-bark  or  valonia,  which  is 
spread  between  each  butt  to  the  depth  of  about  one  inch,  and  a  thicker 
layer  finally  on  top.  The  pit  is  then  filled  up  with  ooze,  which  varies  in 
strength  from  about  35°  barkometer  at  the  beginning  to  70°  at  the  end  of 
the  treatment.  For  heavy  tannages  six  to  eight  layers  are  required,  the 
duration  of  each  ranging  from  ten  days  at  the  beginning  to  a  month  in  the 
later  stages.  Each  time  the  butts  are  raised  they  should  be  mopped  on  the 
grain  to  remove  dirt  and  loose  bloom. 

With  the  use  of  strong  prepared  extracts,  especially  with  the  aid  of  heat, 
the  tanning  process  can  be  carried  out  in  much  shorter  time  than  that  just 
indicated,  but  the  leather  produced  though  hard  is  deficient  in  toughness 
and  is  liable  to  crack  on  bending  sharply. 

4.  Finishing. — The  butts  after  coming  from  the  last  layer  are  well 
brushed,  washed  in  a  clear  liquor,  and  then  thrown  over  a  horse  to  drain 
before  going  to  the  drying-shed.  They  are  then  frequently  oiled  lightly  on 
the  grain  so  as  to  prevent  too  rapid  drying  out  and  hung  on  poles  in  the 
drying-loft.  When  about  half  dry,  they  are  heaped  upon  the  floor  in  piles 
and  covered  to  sweat  a  little,  which  facilitates  the  operation  of  "  striking," 
which  next  follows. 

The  "  striking,"  which  may  be  done  by  hand  with  a  two-handled  tool 
with  triangular  blunt  edges  or  by  machinery,  is  chiefly  for  the  purpose  of 
removing  the  deposit  called  bloom,  although  it  somewhat  flattens  and 
stretches  the  leather.  After  a  little  further  drying  the  butt  is  laid  upon  a 
flat  bed  of  wood  or  metal  and  is  rolled  either  by  heavy  hand-rollers  or  by 
the  aid  of  machinery.  The  leather  is  then  sometimes  colored  on  the  grain 
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with  a  mixture  of  yellow  ochre,  with  size  and  oil  to  give  a  gloss,  and  then 
brushed  again,  well  rolled,  and  dried  off  gradually  in  a  room  slightly 
warmed  by  steam.  The  main  outlines  of  sole-leather  tanning  are  summa- 
rized on  the  accompanying  diagram. 

B.  UPPER  AND  HARNESS  LEATHERS. — For  upper  and  harness  leathers 
the  hides  of  cows  and  smaller  oxen  are  chosen.     Fresh  hides  are,  moreover, 
much  better  adapted  for  this  class  of  leathers  than  dry  salted  or  dry  "  flint" 
hides,  as  the  utmost  toughness  and  strength  rather  than  hardness  or  weight 
are  to  be  secured.     The  hides  are  cleansed,  limed,  and  unhaired  very  much 
as  already  described  for  sole-leather.     They  are  then  "  bated"  in  a  bate  of 
hen  manure  or  treated  with  sour  bran-liquor  to  completely  remove  the  lime 
from  the  pores  of  the  skin.     The  remaining  portions  of  hair-sheaths  and 
fat-glands  are  at  the  same  time  so  loosened  that  they  are  easily  worked  out 
by  a  blunt  knife  on  the  beam.     This  final  cleansing  process  is  called  "  scud- 
ding."    The  action  of  the  "  bate"  is  considered  by  the  best  authorities  to 
be  a  fermentative  one,  and  the  weak  organic  acids  produced  neutralize  and 
remove  the  lime  and  at  the  same  time  soften  the  hide  by  dissolving  out  the 
coriin  and  probably  also  portions  of  the  gelatinous  fibre.     "  Stocking"  is 
also  used  to  assist  in  the  softening  and  cleansing.     These  lighter  tannages 
are  also  carried  out  very  largely  by  the  aid  of  gambier  in  combination  with 
bark,  valonia,  mimosa,  and  myrobalans.      The  tanning  liquors  are  often 
used  at  temperatures  of  from  110°  to  140°  F.  (43°  to  60°  C.).     The  finish- 
ing of  these  light  liquors  requires  much  care  in  order  to  give  them  the 
proper  softness*  and  strength.     They  are  alternately  worked  with  a  stretch- 
ing-iron, or  "  sleeker,"  and  rubbed  with  oil  or  with  a  mixture  of  degras 
and  tallow. 

C.  MOROCCO   LEATHER. — This   is   generally   made   from   goat-skins, 
although  a  cheaper  variety  is  made  from  sheep-skins.     The  skins  are  soft- 
ened and  then  unhaired  by  lime,  to  which  a  small  quantity  of  arsenic  sul- 
phide is  often  added,  whereby  calcium  sulphydrate  and  sulpharsenite  are 
produced,  which  assist  in  softening  the  hair-sheaths  and  in  giving  the  grain 
a  higher  gloss.    A  view  of  the  unhairing  machines  and  washing  drums  of  a 
morocco  tannery  is  given  in  Fig.  99.     They  are  then  bated  with  a  mixture 
of  dog's  dung  and  water,  known  as  the  "  pure."     This  is  often  followed  by 
a  treatment  with  bran  to  aid  in  removing  the  lime  from  the  skins.     A 
"  scudding"  or  scraping  with  a  blunt  two-handled  knife  on  both  the  grain 
and  flesh  sides  then  ensues  to  remove  the  last  portions  of  lime  salts  and 
albuminoid  matters.     The  tanning  is  done  chiefly  with  sumach  and  gambier, 
either  in  revolving  paddle  "  tumblers,"  as  shown  in  Fig.  100,  or  according 
to  the  English  method,  by  sewing  up  the  skins  into  bags  partially  filled 
with  the  sumach-liquor  and  then  distended  by  air  and  floated  in  a  large  ves- 
sel of  the  same  liquor.     The  bags  are  turned  over  constantly,  and  after- 
wards piled  up  in  heaps.     The  sumach  solution  is  thus  forced  through  the 
pores  of  the  skin,  and  the  tanning  is  rapidly  effected.     The  tanned  skins 
are  thoroughly  washed  and  "struck,"  or  scraped  and  rubbed,  until  smooth. 
After  thorough  drying  they  are  again  struck  until  thoroughly  soft  and  smooth. 

D.  MINERAL  TANNING  OR  "  TAWING." — Skins  may  be  converted  into 
a  substance  resembling  leather,  although  in  fact  essentially  different  from  it, 
by  the  action  of  alum  and  salt.     There  has  been  no  chemical  combination, 
however,  analogous  to  that  formed  by  the  gelatine  and  tannic  acid  in  the 
ordinary  tanning  processes,  as  the  gelatine,  alum,  and  salt  can  be  again 
separated  by  treatment  with  water. 
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The  process  of  tawing  is  applied  to  goat,  kid,  sheep,  and  other  small 
skins.  The  preliminary  operations  of  steeping,  breaking,  liming,  unhairing, 
and  fleshing,  steeping  in  bran-water  and  working  on  the  beam,  are  essen- 
tially the  same  as  have  been  described  already.  The  skins  with  the  pores 
cleared  of  lime  and  sufficiently  opened  are  then  put  into  a  kind  of  wooden 
drum  or  "tumbler"  such  as  are  used  for  washing  skins  and  for  treating 
morocco  leather  skins  with  sumach  solution.  For  every  two  hundred  skins 
some  twelve  pounds  of  alum  and  two  and  a  half  pounds  of  salt  with  twelve 
gallons  of  water  are  used. 

FIG.  100. 


The  action  is  continued  for  a  short  time  only, — about  five  minutes. 
They  are  then  put  into  an  emulsion  of  yolk  of  eggs  with  flour  and  water, 
and  tramped  and  worked  in  this  until  it  has  been  thoroughly  absorbed. 
The  skins  are  now  hung  upon  poles  to  dry,  after  which  they  are  stretched 
and  softened  by  drawing  them  to  and  fro  upon  the  "  stake,"  a  blunt  steel 
blade  set  in  upright  position. 

E.  CHAMOIS  AND  OIL-TANNED  LEATHER. — The  skins  tanned  in  this 
way  are  sheep-  and  calf-skins,  and  formerly  chamois-  and  deer-skins.  The 
flesh  splints  of  sheep-skins  are  now  generally  employed  for  ordinary  wash- 
leather.  If  heavy  hides  are  taken,  the  grain  side  of  the  skin  is  shaved  so 
that  the  oil  can  penetrate  easily.  The  skins  receive  a  thorough  liming,  so 
that  the  coriin  is  thoroughly  removed  from  between  the  fibres,  making  them 
very  soft.  A  bran-drench  follows  to  remove  the  lime,  and  they  are  worked 
on  the  beam.  The  surplus  water  having  been  removed  by  pressing,  while 
still  moist  they  are  oiled  with  fish,  seal,  or  whale  oil  (to  which  some  five 
per  cent,  of  carbolic  acid  is  often  added).  After  being  stocked  for  two  to 
three  hours,  shaken  out,  and  hung  up  for  one-half  of  an  hour  to  an  hour  to 
partially  dry,  they  are  again  oiled  and  stocked,  and  this  process  is  repeated 
until  the  skins  lose  their  original  smell  of  limed  hide  and  acquire  a  peculiar 
mustard-like  odor.  The  later  dryings  are  frequently  conducted  in  a  heated 
room,  and  when  the  oiling  is  complete  the  skins  are  piled  up,  and  the  oxida- 
tion of  the  oil  which  has  already  commenced  during  the  fulling  and  drying  is 
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completed  by  a  sort  of  a  t;-rmentation,  in  \\hieh  the  .-kin-  ;abl\. 

Tliis   heating   nm-t    be  controlled   M  that   tl..-  leather  J,  i,,,t  injuml,  ami  if 
-ary  the  pile  of  >kin-   i-   MINIM!.      When  the  oxidation  b  Complete  thi 
skin-  aiv  of  tin-  y.-ll..\\  chamois   leather  C,,IM|-.      '!',,   remove  tl..    -urpl; 
the   Bkfflfl    aW    Upta    oiled,    thru    thrown    into    ||.,t    \\ater    ami    \\rumj    ..ill. 
The  8emi-0olid  fat  obtained  thi-\\a\   i-  tin-  degra*  BO  inm-h  pi  Mm- 

ing  purpo-.v-.      <  >r  tin-  whole  of  the  iine..inbin.  d  nil  i>  removd    |.\   \\a-hiiiLr 
with   soda    or   potash    lye  ami  then   set    I'r.  ••   by  m-uti  all/in-  \\  ith  '-nlphmie 
acid.      The  oil  so  obtained  form-  the  "  ->d  .,,1"  ..I'  (XNUn  El  •  .      Alnnit   halt' 
of  the  oil   employe.!  i-  iviaine<!    l,y  tin-  -kin.  ami   i-anm>t    In-  n-umv.-*! 
l.y  hnilin..-  with  alkalie-.      .\«,  -ehitine  j.  uhtaiiiMl  !,y  I.., Mini:  \\ith  \\at-r.  L. 
wliieli    the  eliam«.i>ed    -kin    is   mneli    iimn-    r. -i-tant    than   i.nlinarv    l.ath.r. 
The  skins  intcmleil  lor  ^lo\  .-..!••.,  are   hlcarlicii    like   lin.  n.  l.\   -j. rink lin^ 
an<!  e\|)osure  to  the  sun  or  with  weak  .-iliitinn  <•('  jH.ta.— inm 
iollowed  by  sulphurous  acid. 

m.  Products. 

1.  SOLE-LEATHER. — Thi>  i-  th«-  heavi«--t  and  tirme-t  varii-ty  "t"  Iratlu-r 
produced.  It  is  made  from  the  hravie-t  and  thick. -t  hid.-,  and  i-  valm-d 
for  its  fine  grain  and  ton^hne.-s.  It  retain-  the  wh«»le  tliiekncssof  the  hide, 
and  no  part  is  split  off,  so  that  it  i-  not  \\.-akened  l»v  tin-  IOSM  of  th« 
side.  The  tanning  process  is  protracted  until  the  whole  hide  i-  «,f  uniform 
color  throughout  and  shows  the  complete*!  action  of  the  tannin  UJMHI  the 
interior  of  the  hide. 

'2.    UPPER  AND  HARNESS  LKATHI:I:>. — Th.--e  are  made  fnun   lighter 
hides,  and  are  tanned  for  strength   and   tlexibility  rather  than    t'or  \- 
and  are  finished  with  care1  to  give  it   per  feet  pliability.      It   may  U-  -havMl 
or  split  leather.     The  black  color  and  finish  arc  put  <«n  upper  leather  by 
coating  it  with  a  mixture1  of  lamp-black,  lin-c.-d  oil,  and  ti-h  oil.  t«>  \\hi«-h 
tallow  and  wax  and   a   little  soap  have  been  added.      Tin-   is   hm-h- 
allowed  to  dry,  and   then   thoroughly  rubbed    in   and   the  -kin  -J/M!  with  a 
glue  si/e. 

3.  MOROCCO  LEATHER. — The  true  morocco  leatl  maimi-ietim-d 
from  goat-skins.     A  cheaper  grade,  kno\\n  as  French  m  produced 
from  sheep-skins.     As  they  are  to  be  dyed  on  one  -ide  only,  t\\<>  ..f  tlic 
skins  are  fixed  face  to  face  with   the  M.-h  -ide  inuard.  -o  that  the  d\ 
upon  one  side  of  each  skin  only.      After  dyeing  the  >kin-  are   riii-ed  and 

drained,  saturated  with  linsetnl  oil   t«»  pn-vi-nt    t -apid   dryiu-j;,  and   then 

curried  by  i-ej)cat<-d  oiling  »»r  \\a\in-  and  rubbing  with  a  ula-s  "-li<-k.  i." 

4.  ENAMKI.LKD  ni:    PATENT    Li:  \  in  I:K>.  —  Them  are  leathers  tini-h.  d 
with  a  water-proof  and  bright  varnished  -nriace  -imilar  to  lac.jn.r.  d 
work.      The  name  "  enamelled"  i-  generally  applied   when  the  l.ath.r-  are 
finished  with  a  roughened  or  grained  -urfacr,  and  "  patent."  or  "japanm-d." 
when  the  finish  is  smooth.      Thin  and  -plit   hide  are  u-ed.      Tin-  -kin-  att.r 
drying  are  j>repare<l  with  a  mixture  of  lin-ced  oil  and  \\hite  lead  and  h.at.d 
in  closets  to  160°  F.  (71  °  ('.)  or  higher,  then  e.,ai«  d  \\  iih  a  varni-h  .»t'  -pirit- 
of  turpentine,  linseed   oil,  thick   copal  varnish,  and   a-phaltnm.   and    : 
again    in    closets   or  "  si  as    they   are    termed.      This   varni.-hing  and 
heating  are  alternated,  while   the  -urtace   i-  meanwhile  rubl>ed  smooth  with 
pumice,  until  the  desired  thickm-—  i-  ae.juired. 

5.  RUSSIA  LKATIIKU. — This  variety  is  peculiar  in  its  charai  t.i-i-ti< 
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and  ability  to  withstand  dampness  without  any  tendency  to  mould,  both  of 
which  qualities  it  owes  to  the  currying  with  the  empyreumatic  oil  of  birch- 
bark.  In  Russia  the  skins  are  tanned  with  willow-bark,  but  the  imitation 
Russia  leather  made  largely  in  Germany  and  England  is  tanned  in  the  ordi- 
nary way  with  oak-bark.  The  birch-bark  oil  is  rubbed  into  the  flesh  side 
of  the  tanned  skins  with  cloths,  care  being  taken  not  to  apply  so  much  as  to 
cause  it  to  pass  through  and  stain  the  grain  side  of  the  leather.  The  red 
color  is  given  by  dyeing  with  Brazil-wood  or  red  saunders,  and  the  diamond- 
shaped  marking  by  rolling  with  grooved  rollers. 

6.  CHAMOIS  LEATHER  is  a  soft  felt-like  leather  originally  prepared  from 
the  skin  of  the  chamois  goat,  but  now  made  from  other  goat-skins  and  from 
the  "  flesh-splits"  of  sheep-skins.     In  these  leathers  the  grain  has  practically 
been  removed  by  scraping  or  "  prizing"  before  the  oil  is  applied,  so  that  it 
is  uniformly  porous  and  soft  throughout.     They  acquire  a  yellow  color  and 
a  peculiar  odor,  although  they  are  often  bleached  whiter  by  subsequent  treat- 
ment.    (See  preceding  page.)     The  combination  of  oil  with  the  hide  makes 
chamois  leather  very  resistant  to  water  and  allows  it  to  be  washed  without  any 
change  of  nature. 

7.  WHITE-TANNED  OR  "  TAWED"  LEATHER. — Skins  to  be  tanned  with 
the  hair  on,  as  sheep-skin  rugs,  etc.,  are  always  alum-tanned,  as  well  as  light 
calf  kid  and  glove  leather.     The  glove  leather  obtained  in  this  process  has 
softness  and  considerable  strength  but  is  not  thoroughly  water-resistant, 
although  the  treatment  with   egg-yolk  and  flour-paste  which  follows  the 
alum  treatment  tends  to  give  them  somewhat  of  this  character. 

8.  CROWN  LEATHER. — This  is  a  variety  which  is  intermediate  between 
oil-tanned  and  tawed  leather,  being  stronger  than  the  first  and  more  water- 
resistant  than  the  latter.     The  hides  are  first  tawed  with  the  alum  and  salt 
mixture,  then  washed  to  partially  dissolve  out  the  tawing  materials,  and 
now  spread  upon  a  table  and  the  flesh  side  covered  with  a  mixture  of  fat, 
ox-brain,  barley-flour,  and  milk.     They  are  then  put  into  a  revolving  tum- 
bler and  rotated  for  a  time,  and  again  rubbed  with  the  fat  mixture  and  ro- 
tated if  necessary.     The  leather  readily  becomes  mouldy,  but  seems  to  be 
strong  and  specially  adapted  for  belting. 

9.  PARCHMENT  AND  VELLUM. — The  first  of  these  is  prepared  from  the 
skins  of  sheep  and  goats  and  the  second  from  the  skins  of  calves.     The  skins 
are  washed,  limed,  unhaired,  and   fleshed,  again  well  washed,   and  then 
stretched  either  upon  hoops  or  upon  a  square  wooden  frame  called  the  herse. 
On  these  the  skin  while  wet  and  soft  is  stretched  thoroughly.     It  is  then 
scraped  again  free  from  the  fleshy  matters,  the  flesh  side  dusted  over  with 
sifted  chalk  or  slaked  lime  and  rubbed  in  all  directions  with  a  flat  piece  of 
pumice-stone.     The  grain  side  is  also  scraped  with  a  blunt  tool  and  rubbed 
with  pumice.     The  skin  is  then  allowed  to  dry  on  the  frame  in  the  shade, 
care  being  taken  to  avoid  sunshine  or  frost.    Very  fine  vellums  are  prepared 
with  the  finest  pumice-stone. 

10.  DEGRAS. — Among  the  side-products  of  the  leather  industry  is  one 
which  is  quite  valuable  for  after-use.     Degras,  originally  obtained  only  as 
a  side-product  of  the  chamois-leather  manufacture,  is  now  also  made  spe- 
cially on  a  large  scale.     The  purest  de"gras  is  essentially  an  emulsion  of 
oxidized  fish  oil  produced  by  soluble  albuminoids.     That  which  is  squeezed 
out  of  the  skins  after  the  completion  of  the  fermentation  and  heating,  which 
makes  the  last  stage  of  the  chamois-leather  manufacture  (see  preceding  page), 
is  the  finest  grade  of  degras.     That  which  is  recovered  by  the  aid  of  caustic 
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alkalies  and  a ftcr-li Iteration  u  ith  -ul  pit  uric  a«-id  i-  the  ..,•,-,  ,nd  -jrade  f  -«*1  oil .. 
llif  LM'eat  demand  tor  degras  for  ctirr \  iiiLr  pnrpofles  has  led  to  the  nian lilac- 
lure  «,f  it  a-  a  -peeial  indii-try.  The  skins  :hi>  purjxjHe  are  treated 
exactly  as  in  the  normal  chamois-leather  manufaeture.  bin  ar<-  u-«^l  n\<  r  and 
«>ver  until  no  longer  capable  ,,f  taking  up  the  ,,il.  An  artificial  d.'-gn 
al.-o  been  made  from  o|eje  acid,  tat,  and  a  little  lime  soup  to  uhi<h 
tannie  acid  had  been  added. 

IV.  Analytical  Tests  and  Methods. 

1.    (Jl'ALITATIVE  TESTS    K.I:    in       9  T.\NMN<!    M  \'l  1.1:1  AI>. — 

II.  II.  Procter*  ha-  con-trm-ted    the   f.»ll«,\\  iipj-   table  (§M   p.  -uin^ 

tlie  reactions  of  the  several  tanning  materials. 

'2.   I)I:TI:I;MINA'|-|(>\  OF  STI:I-:V;TII  OF  TAXXIXCJ  I\  —This  is 

most  rapidly  and  conveniently  done  in  practice  hv  the  n-e  <,f  the  -jM-eitie 
gravity  hydrometer.  A  special  form  of  hydrometer  constructed  i;.r  tan- 
ner's use  is  known  as  a  "  barkom.  t. T."  The  /ero  point  of  the  scale  is 
taken  by  sinking  the  instrument  in  di-tilh-d  \\ater  at  i;n  !•'.,  an<l  the  10°, 
20°,  30°,  etc.,  marks  gotten  by  plun-iu-  the  in-trnment  in  ten.  t\\ •  nty, and 
thirty  percent,  infusions  of  bark  respectively.  The  intermediate  degrees  are 
then  obtained  by  subdivision  of  the  -paces  as  taken  above.  It  i- 
affected  by  the  presence  of  other  substances  than  tannin  in  the  solution, 
and  hence  its  indications  are  only  comparable  when  taken  on  fn~h  or  par- 
tially-used liquors,  and  not  on  old  or  -pent  liquor-  loaded  with  impuritie*. 

3.  QUANTITATIVE  ESTIMATION  or  TANNIN.— Of  the  num.  ; 
-  that  have  been  described  for  this  purpose,  the  only  one  e,  mrallv 
accepted  as  capable  of  sufficient   accuracy    is    L. '.\\enthar- 
method.     This  depends  upon  the  oxidation  of  the  tannin,  etc..  by  permanga- 
nate of  potash  in  aeid  solution  in  the  presence  of  indigo,  which  -erves  as  in- 
dicator, as  its  oxidation  shows  the  end  of  the  reaction.     As  solutions  of 
mercial  tanning  materials  contain  other  oxidi/able  matters  besides  tannins, 
it  is  necessary  to  separate  the-e  and  titrate  a  second  time  in  order  to  ascer- 
tain the  volume  of   permanganate  actually  required  by  the  tannin   piv-«  nt. 
This  separation  may  be  effected  1>\  di^e-tion  with  hide-raspings,  or  more 
conveniently  by  a  solution  of  gelatine.     In  practice,  a   mixed  >olntion  of 
gelatine  and  common  salt  is  used  to  which  a  small  <|uantity  of  sulphuric  or 
hydrochloric  acid   is  added.     Procter   has  also  improved   the  proee--   by 
adding  kaolin,  after  the  gelatine  and  salt   have  removed  the  tannin,  for  the 
purpose  of  facilitating  filtration. 

The  special  precautions  and  detail-  of  the  process  as  generally  pra«  ti-d 
and  as  modified  by  the  Oommi— ion  of  (Jerman  Technical  ( 'ln-mi-t-  are 
given  in  Allen. f  The  result-;  are  alwa\-  Mated  in  term-  of  erystalli/td 
oxalic  aeid  to  which  the  tannin  is  equivalent  in  redueinir  power  up«,n  the 
permanganate  solution,  and  are  ^"Hcu  by  the  aid  of  the  proportii.n 
c:(a  —  6) :  :63  :.r,  in  which  c  represent-  the  volume  of  permanganate  needed 
for  ten  cubic  centimetres  of  decinormal  oxalic  acid,  n  and  t>  the  volume  ».t' 
permanganate  needed  fur  the  tanning  intusion  Ix'fore  and  after  pr> 
of  the  tannin.  Another  method  of  a  different  kind  is  that  of  Simand  and 
Weiss,  as  used  in  the  Austrian  Experimental  Station  for  Leather  Indu-m  . 

*  Text-book  of  Tannin-:.  1'p    11-  »nd  113. 

f  Allen,  Commercial  Organic  Analysis,  2d  ed.,  vol.  iii.  Part  i.  pp.  109-116. 
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which  depend-  up.,  n  ih,  •  al»-oi-pti..n  ..I    raiinin   l.y  hid.  -p.,\\d»  r.        Lfl  •  \tr:u-t 
of  tin-  taiinin-eoiitainmL!  mat.  -rial  of  definite  -tn  n-jth  havini:  '»'  n  | 
an  alionot  portion  of  tin-  «-l«-ar  tilti-ntl   solution  drym  —  in 

a    platinum  di-h  until    ron-tant   \\ri-jht    i-   ohiaim-il.  ignited.  ami    tin-  \\  • 

oi  ash  obtained  and  deducted*    A  noood  definite  portion  i-oni.-  t\\o  hnn- 

dn-d    nil.ir   i  -i  nt  inn  in  -  i  of  thr  S11I11O  ftolnti<>ii  i-  digested  with  hid 
II-JIIL:   the    ra|>i<l    filtration  apparatn-  d«  \  i-<d    I  .\    I  -I  I'n.ni  tin-  fil- 

trate nn  ali<piot    portion  •  -vaporat.  d  -I  ami 

<!•  diirt,  d.  The  diU'eivner  In-tumi  tli.  lir-t  and  x-eoml  \\  «  -i-jht  -  of  a-h-fn-r 
•  Mi-art  irivrs  tin-  tannin  of  tli«'  material  n.^-d. 

I.    1  >r.ri.i:Mi\  \  1  1"\     Of     A.CIDITS    01      I  .  —  A    im-th«Hl 

tin-  determination  »•!'  \"latil«-  ami  nmi-vnlatilc  «.|-L'ani«-  a«-i«U  an<i  tin-  -nl- 
|)hnrir  acid  jm-.-nt  in  arid  tan-li«|!  M  -ji\<  n  l»y  K"hn-f  in  :m«l 

Siniaiid.)      (  )m-   hnmlnil   cnl»ic  rriitiim-tn-.il1  tli.     tannin-j    li.jii..r   i-    I 
and  eighty  nihir  rnitiim-tn-  di-tillnl  ntV,  thr  r.-idm-  dilntMl  and   a-jain  «li  — 
tillril  with  >train.      Tin-  aridity  <,('  thr  di-tillatr  i^  «lrtrniiim-d.  and  th«-  result 
is  thr  rohitilf  <>r</<uiic  in-ill*  rrr|xnm-«l  in  trrins  (•!'  a«-.-tir  arid.  ininr 

thr  nnii-vnlatilf  organic  aci<l-,  ri-hty  mhir  rmtiinrtiv-  ,,t'  th.  taiinin-j  in- 
t'n.-iMii  i-  tn-atro!  with  thn-r  t«»  tJmr  ^rainim-  «»t'  ln-hl\  -i-jnitMl  ma^n.-inrn 
nxidr  and  thr  mixture  Irl't  t'-'i1  ~..mr  IIMIH--  \\  it  h  t'iv.jiirnt  a  -ji  tat  inn.  \\  h.  n  thr 
liltrn-o!  liquid  will  IM-  nearly  ••u|..rl«-^  and  |M-rlr<-tly  t'r.  ••  t'n.m  tannin.  Thr 
maji-m-ia  in  .-niutimi  i-  drt.-nninrd  in  an  aliipiot  part  <>f  thr  lilt.  r.  d  -»\n- 
tion,  an<l  will  IK-  e«|iiivalrnt  t<>  thr  (<>(<//  /  .,r  thr  li.jnnr  r\<-hi- 

thr  tannir  arid.  Another  portion  of  the  filtrate  i-  «  \aporat.  «1  (»  dryneas, 
thr  n-idnr  ^riitlv  i-nitr.l.  MX  ii-t«-m-d  \\ith  rai'l»onie  arid  \\atrr.  and  dri«d. 
It  i-  thru  l»oilr«l  with  di>til!<d  \\ater  ami  the  .-olntioii  filtri-Ml.  Th.-  .arl»on- 
Bteof  ma^m-ia  rrmainiiiL:-  in>olnl)lr  rrpr.-mt-  the  //,////  «,/•..•  rft,  ami  <-.in 

l>r  inoi-r  arrin-atrly  drtri'inim  d    l»y  eonvrrtin^   the   niaLrn<-ia    into  pyn.plm*- 
phatr  ami  wciirliin^.      H   thr-r  total  or^anie  ari<U  !•<•  ealrnlatitl  ii 
arrtic  arid,  and  thr  previously  found  volatile  acid-,  n-ekom-d  a-  a«vtie,  i 

dllrtrd,  (he  ditl'el'rJKv  repn-mt-  thr  nnn-rol,  it'll,   ,,  TllC»  IliagDeSia 

remaining  i"  the  filtrate  from  the  earhoiiate  of  ma-m-ia  is  eomhimd  a-  -nl- 

phate,  and  when  determined  ^iv«-  ihe  sulphuric  (/••/»/  ..f  tin-  original  liquon. 


B.  CLUE  AND  GELATINE  MANUFACTURE. 

Glue  is  a  decomposition  product  of  many  nitro^-noii-*  animal  tissues. 
Thr-r  lo-r  on  heating  with  water  (anal.  .-oii-  t<>  -tan-h-jrannl.  -.  tli-ir  Off- 
tranixrd  ^trm-ture.  -wrll  nj),  and  'jr:idiiall\  u'«»  ii""  BOlutKHL  Thr  -olution-, 
rvrn  when  very  dilute,  ^elatini/e  ..n  <-.  ...lin-,  ('..rininir  a  j»'lly,  whirli  driis 
to  a  horny  tran-lnrent  ma--.  Tin-  ma--  i-  -jln.-  or  -.latino,  as  the  tim-r 
Lirnde-  are  t.-rmrd.  It  di—  olv«-  in  h..t  \\atertoa  li.piid  p.---  "taMe 

eeineiitinir  po\\  «-r.  Neither  the  original  -olutioii  ol)t:iiiie«l  from  the  nitn»- 
p'lion  nor  the  jellv  fnrmnl  from  it  on  eoiiliii^  ha\<  any  cementing 

power.  Thi-  is  only  aetjuinxl  \\hen  the  j.  11\  ha-driid  to  the  hard  ma-- 
known MS  the  Lihie.  T\\.»  pr.»  \iinate  principle-  -.mi  to  IH-  pre-«-iit  a-  rhar- 
arterivtie  in  all  preparation-  of  -hir  :  <//<///,,.  ol.taimd  rhirtly  fr«»in  the  hide 
and  larp-r  hone-,  and  «•/*.»/////•///,  fro  in  the  \oimur  Kom-  while  yet  in  the  soft 
state  and  the  cart  ila-e  nf  the  ril.-.  ami  joints.  Of  th.-«',  the  former  much 


*  H.-ni,  Clii-m.  t«-.-hni-.  h-  Anal;       •  Wi-n.  1890,  p.  286. 

|  AlK-M,  ('.miiiii -r.-ial  Ormuik*  Analysi-    1.M  «•!  .  v..l.  iii.  Part  i.  p.  IT.*, 
j  Dingier,  Polytwh.  Juurn.,  L'^J.  JM-   «8  and  64. 
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exceeds  the  latter  in  adhesive  power,  and  is  therefore  sought  to  be  obtained 
predominantly  in  the  glue  manufacture. 

I.   Raw  Materials. 

1.  HIDES  AND  LEATHER. — The  corium  of  the  animal  hides  (see  p. 
305)  is  the  most  important  glue-yielding  material  to  be  had.     Neither  the 
epidermis  nor  the  underlying  fat-tissue  contribute  to  the  glue  production, 
but  have  rather  an  injurious  effect  when  present.     What  is  known  as  "  glue- 
stock"  is  made  up  of  the  trimmings  from  the  ox,  sheep,  and  calf-skins,  the 
refuse  of  the  beam-house,  and  scraps  of  parchment  which  have  been  soft- 
ened and  unhaired  by  liming  and  are  in  condition  for  immediate  boiling. 
Of  still  greater  value  are  the  so-called  calves'  heads,  wrhich  after  liming  and 
drying  form  a  special  article  of  commerce.     The  amount  of  glue  obtainable 
from  these  various  materials  varies  from  fifteen  to  sixty  per  cent.     Accord- 
ing to  Fleck,*  the  scraps  from  the  alum-tawing  process  yield  forty-five  per 
cent.,  those  from  the  ox-hides  thirty  per  cent.,  hare-  and  rabbit-skins  and 
parchment  trimmings  fifty  to  sixty  per  cent,  foot  and  tail  pieces  of  oxen  fif- 
teen to  eighteen  per  cent.,  other  scraps  from  the  tanneries,  such  as  ear-laps  of 
sheep  and  cows,  sheep's  feet,  etc.,  thirty-eight  to  forty-two  per  cent.     Scraps 
of  bark-tanned  leather,  such  as  shoemaker's  and  saddler's  trimmings,  are  also 
available  after  a  special  treatment  for  the  removal  of  the  tannin.    (See  p.  324.) 

2.  BONES. — The  bones  contain  on  an  average  nearly  one-third  (32.2  per 
cent.)  of  their  weight  of  organic  constituents,  extracted  by  boiling  and  con- 
verted into  glue,  which,  however,  is  inferior  in  adhesive  power  to  that  pre- 
pared from  animal  skins.     The  soft  bones  of  the  head,  shoulders,  ribs,  legs, 
and  breast,  and  especially  deer's  horns  and  the  bony  core  of  the  horns  of 
horned  cattle,  yield  a  larger  quantity  of  glue  than  the  hard  thigh-bones 
and  the  thick  parts  of  the  vertebra,  which  are  principally  composed  of 
calcium  phosphate  and  require  a  more  prolonged  treatment  to  extract  the 
glue-making  constituents. 

3.  FISH-BLADDER. — The  inner  skin  of  the  air-bladders  of  the  several 
varieties  of  sturgeon  and  cod  furnishes  a  very  pure  glue  substance,  which 
on  account  of  its  purity  is  preferably  used  for  culinary  and  medicinal  pur- 
poses, and  is  known  as  "  isinglass."     It  is  inferior  in  adhesive  power  to 
hide-glue,  but  on  account  of  its  freedom  from  color,  taste,  and  odor,  and  its 
almost  perfect  solubility  in  hot  water,  commands  a  higher  price.     It  is  used 
for  food  preparations,  for  clarifying  wine,  beer,  and  other  liquids.     The 
chief  production  of  isinglass  is  from  the  sturgeon  in  Russia,  on  the  borders 
of  the  Caspian  and  the  Black  Sea. 

4.  VEGETABLE  GLUE. — Certain  species  of  algse  (Plocaria  tenax  and 
others)  found  in  Chinese  and  Japanese  waters  when  cleansed  and  boiled 
yield  a  product  known  under  the  several  names  of  "  Chinese  isinglass"  and 
"  agar-agar."     Of  similar  character  is  no  doubt  the  "  algin"  recently  ob- 
tained from  Scotch  algse  by  E.  C.  C.  Stanford,  f 

n.   Processes  of  Manufacture. 

1.  MANUFACTURE  OP  GLUE  FROM  HIDES. — The  hide  trimmings  and 
offal,  if  in  the  fresh  state,  must  first  of  all  be  well  limed, — that  is,  treated 

*  Die  Fabrikation  Chemischer  Producte,  etc.,  p.  60. 
f  Soc.  Chem.  Ind.  Jour.,  1884,  p.  297. 
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with   milk  of  lime  in   pit-  for  a   p«n..d  WHTViny  from  t,  n  to  f.,rt\  .lav-.  a.-- 
OOfdiDg  t«»  tin-  character  an  :  «.f  tin-  hide-,  the  linn-  In  ;«  mlv 

renewed.      Tin-    lime    -.11.  -ii-  an.  I    -\\.-ll-   the   hid.  -t  is<it)e,  Sapnt 
and  di—  ..Ive-    in    large  part   th.-  coriin,   Mi  ».*!,  and   tl«  -'i  part  icles  which  do 

n.  .1    form    Lilii'  .       I  k    i-  then   thnrniiL'hlv  \\a-h«d    tr.i-    fr«>iu    the 

lime.   lime   silt-,  an.  I  dirt,  n-nally  l.y  piittin-j    it    in    n<  t-   «>r  \\iek.-r   UlsketB 
which  aiv  -n-pended  in  ninnin-   uat,  r.      The  liinini:  al-. 
the  Lilii.--M.H-L  111   ,  •;,-,.  n   |,  MM!  (,.  I,,-  i  n  1  1  iied  i  a  t  •  1  v  \\..rk.il  up.      After  \\a-h- 
iii'_:    it    i-  -pivad   "in    t..  dry.      The  lim,-  -cum  In.  in  th«-  pit-  i-  «.ft.  n  ul  '. 

tili/cr  manntactn:          •  ha-  al-o  IM-.-H   H-M!  in-ti-ail  .•!'  milk 

«»t'  lime  I'm-  tin-  tn-atinriit.       A    -h««ri    tn  aiin.-nt  with  chl..ri<l«-  «.t'  lin 
mediately  after   takiu-j  the  -|.,.-k   «.nt  «•!'  the  lini.-j.it-  ha-  al-«.  IM-.-U  t'..iin.|  to 
-i\e  the  Ll'liie  a  l.rinlit  e.,lMr  and  .  \e.  11,  nt   adli.  ~i\.    |H,\\.  !-.       In  i, 
sulphurous  acid   ha-   IM-.-M    n-.-d  with  advantage  t«.  el.-aii-c  and   j»n  j»a; 
Lilue-.-to<-k,  as  it   hleaehe-  and  at   the  -aine  time  -\\.11-   the  hide,  at   least  as 
well  as  can  l>e  done  l>\   the  lime. 

The   hoiliii-'   and    e,,nver-inn   of   the   <rluc-stoek    int..   .-oluti..n 
etVe.-t.d    l>v  heating  with  water  ..r   with   Steam.      The   ..Id,  r   method  was  to 
plafo  the  ^luc-st<K-k  in  lar-.-   ketil.--,  l>nt   -ii|»|M.rt.-<l  upon  a  fal-e  i 
p.rl'..  rated   metal,   and    adding   \\ater   t«»   In  at    it    l>\   din-.-t    tin.      \\'heii   the 
whole  (jiiantity  <»t'  water  neee--ary  to  convert  the  hid.-.  •  t.  -..  into  ^lm»  solu- 
tion i-  n-«l  at  oner,  the  dra\\l»aek  i-  <  n.-oiint.  r.  d  that  the  ^l,,ten  uhi.-h  first 
Lr«>e-   into  -olntion    IxromeB   alt.r.d    hy  the  pr..l..ii-td    heatiiu:  and    1..-4--  its 
adhe.-ive  po\\rr.      Thi-  .  an  1..-  ol.viat.  d  -onirwhat  l»y  u-in-j-  -ne«  -.  •—  i\v  -mailer 
portion.^  of  water  and  drawing  them  oil'  as  they  beOOOIC  -atnrat.d.  l>ut   the 
la-t  portion-  .\tra.-t.-d  are  then  darkened  in  rolor.      The  \\~<-  ,,f  -t.  am.  either 
from   elo-<-d   |)ijw<  or  dir.  et    -t.am  from   jx-rfonited    pipe-,  -jreatly  imp 
\traction,  -hoi-tenin^  the  time  required  and  improviiiLr  the  .pial 
th<-   pr«Mlnet.      A    form  of  hoiler  lor  this  j«-liu'  manufaetnr.  d   l.y  the  aid  of 
-team  a-  devi-.d  l.y   I  >r.  15.  Ternc  is  niven  in   l-'i-.   H'l.      Direct  h  in  h-  press- 
ure steam   l>h»wn  int..  do-,  d  vessels  ha-  U-en  found  to  U-  <p:  ve  in 

rapidly  meltm^  d«.\\n  the  Lilnc--tock  and  prodneini:  a  con.-,  mrat.d  solution. 

The  Q8€  of  vacnnm-pans  and  the  e\tra«-ti«'ii  l»y  -i«am  nnd.  r  ndnci-d 
pre—  nre  and  at  lower  temperature-  ha-  al-«.  !><•.  n  found  very  -at  i-t'a«  t<-ry  in 
•^iviiiLi  :i  '_:  .....  1  product  in  which  the  adhesive  .pialitics  of  the  gluten  are  in  no 
way  impaired.  The  -olntion  mn-t  !><•  fn-.-d  from  any  melt.il  fat  and  lime 
-«>ap-  l»y  -kimminLi  and  from  -u-pend.-d  impnritie-  l.y  -.  tilin-.  l>y  filtering 
through  linen  La-j-,  or  darilyinir  l»v  the  use  of  l»..n.  -l.la.-k.  The  addition 
ot'  alum  a<  sometime-  pra<-ti-.-d  has  an  injurion  ipon  the  adi 

power  ..f  the  product.    The  residue  of  the  due--t.N-k  l«-ft  imwrtrtcled  i- 

pressed  out.  dried,  and  sold  as  a  fertili/er  containim:  ahont  four  p. 
nitrogen.  The  darifntl  irlne  solution  i-  pound  hit"  -hallo\\  \\o.,den  moulds 
BOOM  -i\  inch,-  in  depth,  in  which  a-  it  «-...,  1-  it  -j.-latini/e-  to  a  l»n»\\ni-h- 
ydlow  jdly  containinu-  eighty  to  ninety  per  c.-nt.  of  \\at.  r.  The  1.1.  n-k  of 
jelly  i-  then  turned  out  upon  a  -month  taUc  |»revi..u-ly  moi-trn.il  to  pre- 
vent adherence  and  -awed  lev  hori/ontal  wire<  into  thin  slabs,  which  arc 
aiiain  cut  l»y  vertical  win--  into  -trip-  of  the  pn.prr  width. 

The  dryini:  of  the  jelly  i-  on.-  of  the  most  tmul.l,  -nine  parts  of  the 
whole  prorr-s  a-  it  mu-t  tak«  place  rapidly  s..  that  the  -Ine-niakini:  ma- 
terial may  imt  -p«>il,  a-  it  i-  vcrv  prone  t««  «1««  \\hile  in  the  jdlv  form,  and, 
on  the  other  hand,  the  heat  -I,  .mid  n  1  L'n°  C\  («>8°  F.').  "it  mav  take 

place  with  this  limitation  of  temperature  in  the  open  air,  if  the  air  is  not 
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Em.  101. 


too  moist  or  too  dry,  both  of  which  conditions  are  unfavorable.     It  is  now 
generally  effected  in  drying-rooms  in  which  a  current  of  warm  dry  air  at 

the  right  temperature  is  made  to 
circulate.  As  the  surface  of  the 
cakes  after  drying  is  generally 
rough  and  dull,  it  is  improved 
in  appearance  by  moistening 
with  warm  water,  brushing  with 
a  soft  brush,  and  again  drying. 

2.  MANUFACTURE  OF  GLUE 
FROM  LEATHER- WASTE.  —  Be- 
fore attempting  to  boil  the 
leather- waste  to  glue,  the  removal 
of  all  traces  of  tannic  acid  be- 
comes absolutely  necessary,  since 
the  retention  of  the  smallest 
quantity  prevents  the  animal 
tissue  from  dissolving  in  water. 
The  waste  must  therefore  be  com- 
minuted as  thoroughly  as  pos- 
sible to  facilitate  the  complete 
removal  of  the  tannic  acid.  This 
is  done  frequently  in  the  "hoi- 
lander"  used  for  paper-pulp,  and 
the  washed  and  ground  leather- 
waste  then  heated  in  a  pressure- 
boiler  under  a  pressure  of  two  at- 
mospheres with  fifteen  per  cent. 

of  its  weight  of  slaked  lime.     After  thorough  washing  the  residue  is  ready 
for  use  as  glue-stock. 

3.  MANUFACTURE  OF  GLUE  OR  GELATINE  FROM  BONES. — Two 
methods  have  been  followed  for  the  extraction  of  gelatine,  as  the  product 
is  generally  called  in  this  case,  from  bones.  The  bones  are  either  boiled 
under  pressure,  or  they  are  treated  with  hydrochloric  acid  to  remove  the 
calcium  phosphate  and  afterwards  boiled  for  the  extraction  of  the  gelatine. 
The  bones  in  either  case  are  with  advantage  deprived  of  their  fat  first, 
which  is  done  either  by  heating  them  with  water  and  steam  in  boiler-shaped 
vessels,  when  the  fat  rises  and  can  *be  skimmed  off  from  the  water,  or  in 
closed  vessels  with  volatile  solvents  like  petroleum-benzine  and  carbon  di- 
sulphide.  The  older  process  of  extracting  the  gelatine  by  boiling  the 
powdered  bones  with  water  under  pressure  decomposes  a  portion  of  the 
valuable  material,  and  is  now  generally  replaced  by  the  method  of  treat- 
ment with  hydrochloric  acid  for  the  removal  of  the  calcium  phosphate. 
The  crushed  bones  are  placed  in  wooden  vats  with  dilute  hydrochloric  acid 
of  specific  gravity  1.05  (forty  litres  of  acid  to  ten  kilos,  of  bones)  and 
allowed  to  remain  for  several  days.  They  are  then  placed  in  lime-water 
for  a  time,  well  washed,  and  boiled  eight  to  ten  hours  with  a  large  excess  of 
water,  or  converted  more  rapidly  into  gelatine  solution  by  the  aid  of  steam. 
The  resulting  solution  is  filtered  through  cloth,  bleached  by  sulphurous 
oxide,  and  poured  into  forms  to  gelatinize.  The  manufacture  of  bone 
gelatine  is  frequently  combined  with  the  fertilizer  manufacture,  as  the  cal- 
cium phosphate  extracted  by  the  hydrochloric  acid  treatment  contains  from 
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eighteen  bo  fcweotj  percent  of  plm-ph..rie  aeid.     Th-  method  of  ex- 

tract  iiiLr   the  tat    h\    \  ..latilr  -  .|\ .  -nt-   \ield-  !  tat   \\ith- 

ont    injury  in  the  •_'.  hitine  nf  tin-   bniio,  \\liil.-  i!  nn-tlmd  ••!'  U.iling 

nllt    thf    til!      \ield-    !mm     three    t<>    t'.u;  ulv    alnl     '  IfSK'H   tiiC 

yield    of    gelatine. 

I.    MJLNUFACTUBB  Of    1-Vn    <  .1  i  \  MM:.— The  swim.-  .Ideraof 

the  li.-h  are  taken  and  thoroughly  \\a-ln-d  in  .m  all   tatt\  and  hlnodv 

partiel.  •-.  The\  an-  lli«  n  n  im  .\  M!  and  <  nt  Inn-  itudinalK  into  flbeeto,  whlOD 
an-  «  \|M,^t d  i. .  thoiin  and  air  t«.  dry,  u  itli  tin-  miti-r  I'ao-  tuniMl  i|n\\n,  ti|>mi 

tli«    l»nai-d-  nt'  lindi'ii  «»r  l>a---\\ I.      The  inn.  r  lint-  «•!'  tin-  hladdrr-  i-  pun* 

i-in-la.—,  \\hidi   \\lim    partially  dried  <nu  \\ith   care  be   n  in  i    th«- 

..nter  mu-riilar  Ia\rr.  The  i-in-la--  la\ «  r.  |KJ88e88injr  a  -ilv.rv  \\hite  lu-tre, 
i>  taken  either  in  -hert-.,  riiiLrs,  «>r  ln>!  ,  bleached  \\  ith 

snlphnmn-  a<-id,  an«l  then  tln>rnMLrldy  dried. 

A   pmduet  di-tinet  frniii  i-in-la—  and  kim\\n  a-  ti-h  -jlu.-  i-  pi-  parctl  by 
hnilin^-  the  skin  and  inu-enlar   MBQ6  of  ti-h,  and    nmn-  resembles  «»ni 
hide  Lilne  in  its  ;idlie-iv«-  prnprrii.-.  Imt  i-  ntli-n-iv,-  in  IN!  : 

tVnin  the  BCaka  and  skin-  ..f  lar-e  ti-h  like  th.-  earp  l.y  aetini:  nn  tin  in  \\ith 
liydnn-hlnrii-  a«-id  as  npnn  IMHH--  ami  then  extracting  with  u. 

m.  Products. 

1.    IIlDK   GLUE  is  the  variety  \\hieh  -lm\\>  nic-t    -tmn-jly  the  adhesive 
property,  and  hence  is  that   manntaetnre<l   f<»r  jniner's  ai 
Its  color  may   vary   considerably   \\ithnut    anv   inipairinir  nt'   it-  ad: 
power.     It  is  rarely  pert'e.-tly  cnlm-le-s  nr  tran-parent.     A  gray  to  amber  or 
brown-yellow  enlnr  and   tran-lneeiit  «»r   partially  npaijin-  apjH-aranee  is  more 
usual.      It  should  be  clear,  dry.  and   hard,  and   p..--«—  a  glassy  fracture. 
It  should  swell  up  but  not  dissolve  in  <«.ld  \\ater,  but  di-snlve  in  \\; 
62.")°  ('.  (144.5°  F.).      Innr-anie  snbstaner-  (-neh  a-  \\hite  lead)  are  int«-n- 
tionally  introduced   into  some  ^arietics,  -nch  as  the  Russian  glue,  without 
injury  to  their  adhesive  pnwcr. 

The  varietv  known  a,s  "Cologne  ^Ine"  is  man  u  fact  u  nil  t'mm  scrap  1 
which  attcr  liming  is  carefully   bleached   in  a  chloride  of   lime  bath  and 
then  thoroughly  washed. 

"  Russian  glue/'  as  stated,  contains  some  inorganic  admixture.  It  is  of 
a  dirty-white  color,  and  contains  from  four  to  eight  per  cent  of  white  lead, 
chalk,  /inc-whitc,  or  barytes. 

"Size  glue"  and  u  Parchment  glue"  are  both  skin  glues  prepare!  \\ith 
special  mre. 

J.   r.oNi:  (  JLUE  (OR  BONE  GELATIN K). — Bones  yield  a  product  of  less 

adhesive  pn\\er  than  the  ._rluc  <»t'  skin-  and  t.nd..ns,  but  \\ln-n  eaivfully 
worked  the  pnMlnet  i-  el.-aivr  and  is  live  t'n»m  ntlensive  odor.  It  is  tliere- 
fmv  much  u-ed  for  eiiliuarv  purposes  and  f«>r  meilieinal  applications,  and  i'nr 
fininff  W  darifyinff  beer,  \\inc,  and  other  li<piids  it  ha-  lar-jcly  .-upcrseded 
isinglass.  The  gelatine  thus  used  must,  however,  be  absolutely  tasteless  and 
free  from  odor. 

Bone  gelatine  is  now  made  use  of  very  largely  in  the  manufacture  of 
gelatine  capsu  t'.-r  m^licinal  uses,  of  cmirt-pla-tcr  f«»r  applying  to 

wounds,  and  of  gelatine  emulsions  with  bromide  and  ehlnride  of  silver  for 
coating  the  photographic  dry  plates.  Mixed  with  Lrlycerine  it  makes  an 
elastic  mass  n>ed  ti.r  printer's  rolls,  for  hectographs,  etc. 
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"  Patent  Glue"  is  a  very  pure  variety  of  bone  glue  of  deep  dark-brown 
color.  It  is  very  glossy  and  swells  up  very  much  in  water. 

3.  ISINGLASS  (OR  FISH  GELATINE). — This  is  the  finest  and  best  of  ani- 
mal glues.     The  best  isinglass  should  be  pure  white,  nearly  transparent,  dry 
and  horny  in  texture,  and  free  from  smell.     It  dissolves  in  water  at  from 
35°  to  50°  C.  (95°  to  122°  F.)  without  any  residue,  and  in  cooling  should 
produce  an  almost  colorless  jelly.     The  commercial  varieties  of  isinglass 
are  the  Russian  (the  best  coming  from  Astrachan),  North  American  (or  New 
York),  East  Indian,  Hudson's  Bay,  Brazilian,  and  German  (or  Hamburg). 

4.  LIQUID  GLUE. — By  the  action  of  nitric  or  acetic  acid  upon  a  solu- 
tion of  glue  its  power  to  gelatinize  may  be  completely  arrested  while  its 
adhesive  power  is  not  at  all  interfered  with.     Thus,  if  one  kilo,  of  glue  is 
dissolved  in  one  litre  of  water  and  .2  kilo,  of  nitric  acid  of  36°  B.  be  added, 
after  the  escape  of  the  nitrous  fumes  we  have  a  solution  that  will  not  gela- 
tinize on  cooling,  although  it  has  the  full  adhesive  power  of  the  glue.     Four 
parts  of  transparent  gelatine,  four  parts  of  strong  vinegar,  one  part  of 
alcohol,  and  a  small  amount  of  alum  will  also  yield  an  excellent  liquid 
glue. 

IV.   Analytical  Tests  and  Methods. 

The  nature  of  glue  makes  it  rather  a  question  of  physical  and  mechani- 
cal tests  as  to  quality  of  a  given  sample  than  of  chemical  tests. 

1.  ABSORPTION  OF  WATER. — Thus  the  relative  amount  of  water  that 
a  given  sample  will  take  up  when  laid  in  cold  water  is  regarded  as  a  moder- 
ately fair  criterion  of  its  quality.     A  weighed  sample  is  laid  for  twenty-four 
hours  in  cold  water  (not  exceeding  12°  C.  (53.4°  F.)  in  temperature),  and 
at  the  expiration  of  that  time  the  excess  of  water  having  been  poured  off, 
the  jelly  is  weighed.     Very  good  varieties  (white  gelatine  prepared  from 
bones)  will  take  up  thirteen  times  the  quantity  of  water  in  gelatinizing, 
second  quality  glue  ten  times,  and  inferior  grades  only  about  six  times  the 
amount  of  water.     At  the  same  time  the  consistency  of  the  jelly  formed  must 
also  be  taken  into  consideration.     A  firm  jelly  produced  by  the  absorption 
of  a  large  quantity  of  water  indicates  a  glue  of  the  best  quality. 

Two  observations  are  of  value  in  this  connection  :  first,  glue  twice  dis- 
solved and  again  dried  is  capable  of  drying  out  more  thoroughly  and  of 
showing  water-assimilating  properties  on  redissolving  more  fully  than  glue 
obtained  by  a  single  drying ;  and,  second,  that  hide  glue  on  taking  up 
smaller  quantities  of  water  becomes  very  soft  and  more  difficult  to  weigh 
accurately  than  bone  glue,  which,  with  larger  amounts  of  absorbed  water, 
still  forms  a  firm  jelly.  This  difference  in  behavior  alone  is  capable  of 
giving  an  indication  of  the  source  of  the  glue. 

2.  INORGANIC  IMPURITIES. — The  presence  of  inorganic  salts,  as  in  the 
case  of  Russian  glue,  can  be  determined  by  the  use  of  the  appropriate 
reagents,  and  the  amount  also  quantitatively  determined. 

3.  ADULTERATION  OF  ISINGLASS  WITH  GLUE. — Isinglass  is  sometimes 
adulterated  by  rolling  up  sheets  of  gelatine  (bone  gelatine)  between  the  lay- 
ers of  true  isinglass  and  drying  them  in  this  condition. 

Redwood  and  Letheby  have  observed  that  the  ash  of  pure  isinglass  does 
not  exceed  .9  per  cent.,  while  glue  contains  from  two  to  four  per  cent,  of 
ash.  An  adulterated  sample  of  isinglass  gave  Letheby  1.5  per  cent,  of  ash. 

On  heating  with  water,  true  isinglass  gives  only  a  peculiar  fish  or  algse 
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<><lnr,  while  the  adulterated    i-innl:i—  -j:ive  a  strong  gluey  like  odor  at  <'ii<-<- 
recognizable 
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STATISTICS. 

1.  IMPORTATION   OF   TANNING    MATERIALS    INTO    THE    UNITED 
STATES.  — 

1888.  W»  1890. 

Catechu  (or  cutch),  pounds  .....  12,28*5,470  10,856,151 

i  .bier,  pounds    .........  1>4.  ?::::.  1-;  4 

Catechu  (or  cutch),  values     .....     $6(50.  7  rj  $581,596  /  C-QQ  «oo 

Gambier,  values  .........  $1,079,678  |l,Q26t98fi  lf 

Sumach  and  sumach  extract,  pounds.  16.836,308  16,897,213 

Sumach  and  sumach  extract,  values   .     $362,887  $292,572  $302,375 

2.  IMPORTATIONS  OF  TANNING  MATERIALS  INTO  GREAT  BRITAIN.  — 

1888.  UM,  1890. 

Cutch  and  gambier,  tons    .......       'J-  25,107  27,445 

Cutch  and  gambier,  values    ......  £704  7   1  £678,548  £717,820 

Valonia,  tons    ............       3L'.o»:  81,361  25,272 

Valonia,  values     ...........  £457,634  £454,405  £501,669 
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3.  IMPORTATIONS  OF  TANNING  MATERIALS  INTO  GERMANY.  — 

1888.  1889.  1890. 

Tons.  Tons.  Tons. 

Bark  (piece  and  ground)    ........  97,000  99,450  105,441 

Gallnuts,  valonia,  etc  ..........    7,791  10,507  6,799 

Catechu  ................  .    6,874  7,287  7,350 

Quebracho-bark    ............  16,608  19,302  21,760 

Sumach  ................    5,916  7,124  7,519 

Tanning  extracts  ............    7,186  8,531  7,718 

4.  UNITED  STATES  IMPORTATIONS  OF  RAW  HIDES  AND  SKINS.  — 


1888.  1889. 

Goat-skins,  value   .........    $6,369,411          $7,668,472 

All  others,  value    .........  $17,569,928        $17,459,278 


$9,106,082 
$12,776,004 


United  States  Importations  of  Tanned  Skins. — 


1888. 


$1,172,080 
$3,416,935 
$1,542,986 


$1,195,271 
$3,644,695 


Calf-skins,  values $1,363,081 

Morocco  skins,  values $3,450,571 

Upper  leathers,  values $2,088,512 

United  States  Exportation^  of  Leather. — 

1888.  1889.                         1890. 

Sole-leather,  pounds 28,712,673  35,558,945        39,595,219 

Sole-leather,  values $4,959,363  $5,890,509        $6,420,134 

5.  ENGLISH  IMPORTATIONS  OF  HIDES. — 

1888.  1889.                        1890. 

Hides,  dry,  hundredweight 585,254  575,158              455,098 

Hides,  dry,  values £1,648,358  £1,573,132         £1,191,240 

Hides,  wet,  hundredweight 576,176  647,250              584,948 

Hides,  wet,  values £1,353,663  £1,500,455        £1,323,176 

English  Exportation^  of  Leather. — 

1888.  1889.                      1890. 

Leather,  unwrought,  hundredweight    .       159,138  143,140              153,110 

Leather,  unwrought,  values £1,393,880  £1,313,681        £1,388,024 

6.  IMPORTATION  OF  GLUE  INTO  THE  UNITED  STATES. — 

1888.  1889.                         1890. 

Glue,  pounds 5,282,248  5,059,492             .... 

Glue,  values $483,422  $452,567             .... 

7.  GERMAN  EXPORTATIONS  OF  GLUE  AND  GELATINE. — 


Glue  and  gelatine,  tons  ....         3,888  3,705  3,960 

Glue  and  gelatine,  values  .    .    .  4,317,000  marks          4,172,000  marks  .    .   . 
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CHAPTER  XL 

INDUSTRIES   BASED   UPON   DESTRUCTIVE  DISTILLATION. 

DESTRUCTIVE. distillation  has  IM-.-M  defined  as  "the  decomposition  of  a 
substance  in  a  close  vessel  in  such  a  manner  as  to  obtain  li<jui<l  prodn<t-." 
It  must  be  observed  here  that  the  word  product  is  u-ed  to  indieate  M.HH-- 
thinu.'  not  originally  present  in  tin-  .-iib-tanee  distilled.  A  Innlv  may  be 
obtained  in  the  li(jiiid  distillate  which  has  merely  been  driven  over  by  heat 
and  which  aln-ady  existed  in  the  original  material  in  physical  or  mechani- 
cal admixture.  Snch  a  body  is,  to  speak  exactly,  an  «////*•/  and  not  a  jtf<><lu<-t. 

The  substances  which  are  submitted  to  destructive  distillation  are  in  the 
main  solids,  as  most  classes  of  liquids  are  capable  wh<  n  heated  with  can 
volatilization  without  decomposition,  although  such  liquids  as  fatty  nils 
glycerine,  etc.,  are  decomposed  if  distilled  under  normal  atmospheric  pn  — 
lire.  (The  cracking  of  petroleum  is  another  illustration  of  destructive  dis- 
tillation of  a  liquid  purposely  brought  about.)  With  solids,  on  the  other 
hand,  it  is  the  exception  rather  than  the  rule  to  find  one  capable  of  m«  Itini: 
and  vaporizing  unchanged  in  composition  when  distilled  under  normal 
atmospheric  pressure.  The  same  solid,  moreover,  if  of  at  all  complex  molec- 
ular composition,  may  decompose  quite  differently  and  yield  ditlcnnt  sets 
of  pmdiicts  according  to  the  conditions  which  govern  the  distillation.  The 
most  important  of  these  modifying  conditions  is  that  of  temperature.  "  Lo\\ 
temperature"  distillation  and  "high  temperature"  distillation  a>  praeti.-cd 
upon  the  same  material  (wood  or  coal,  for  example)  may  yield  quite  differ- 
ent results.  The  physical  condition  or  mechanical  subdivision  of  the  sub- 
stance also  has  an  influence,  although  a  subordinate  one,  upon  the  nature  of 
the  products.  Solids,  upon  the  destructive  distillation  of  which  important 
industries  are  founded,  are  wood,  coal,  shales,  IMUICS,  and  animal  refuse. 
The  distillation  of  shale  has  already  been  considered  in  connection  with  the 
mineral  oil  industry.  (See  p.  26.)  The  other  industries  will  now  be 
noted  in  succession. 

A.  DESTRUCTIVE  DISTILLATION  OF  WOOD. 
I.  Raw  Materials. 

1.  COMPOSITION  OF  WOOD. — The  wood  which  is  to  be  destructively 
di -til led  is  composed,  we  may  say  in  general  terms,  of  woody  fibre  and 
plant-juice  or  sap,  which  is  an  aqueous  solution  of  the  substances,  both 
nitrogenous  and  non-nitrogenous,  which  serve  as  the  food  for  the  living 
plant.  The  woody  fibre  is  made  up  primarily  of  (vllulose,  which  is  in  part 
changed  into  "  lignin,"  as  the  incrnsting  substance  is  called.  In  percentai:' 
composition  this  latter  substance  differs  from  the  pure  cellulose  in  contain- 
ing more  carbon  and  less  oxygen  and  hydrogen.  The  amount  of  incrnsting 
material  varies,  being  more  abundant  in  hard  and  h»  avy  varieties  than  in 
light  and  soft  kinds,  and  wood  which  contains  it  in  the  largest  proportion 
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gives  the  most  acid  and  naphtha  on  distillation.  The  amount  of  water 
present  in  wood  also  varies  not  only  according  to  the  season  of  the  year,  but 
also  quite  widely  in  different  woods  cut  at  the  same  season.  Thus,  the 
following  table  of  Schiibler  and  Hartig  shows  the  percentage  of  water  of 
different  trees  taken  at  the  period  of  minimum  amount : 


Per  cent,  of  water. 

Beech 18.6 

Willow 26.0 

Maple 27.0 

Elder 28.3 

Ash 28.7 

Birch 30.8 

White  hawthorn 32.3 

Oak    .    . 34.7 

White  fir  .  .  37.1 


Per  cent,  of  water. 

Horsechestnut 38.2 

Pine 39.7 

Alder 41.6 

Elm 44.o 

Lime 47.1 

Lombardy  poplar 48.2 

Larch  .   ". 48.6 

White  poplar 50.6 

Black  poplar  ...     •   .    .    .  51.8 


2.  EFFECT  OF  HEAT  UPON  WOOD. — The  effect  of  heat  upon  wood  in 
the  absence  of  air  is  a  matter  which  is  to  be  carefully  noted  as  throwing 
light  upon  the  results  obtained  in  destructive  distillation.  It  of  course  dif- 
fers radically  from  the  result  of  heating  with  free  contact  of  air.  Violette 
found  that  when  wood  was  carefully  and  slowly  heated  no  decomposition 
occurred  under  150°  C.,  water  only  being  given  off;  between  150°  and 
160°  C.  the  loss  was  two  per  cent,  of  the  weight  of  the  water-free  wood ; 
between  160°  and  170°  C.,  5.5  per  cent. ;  between  170°  and  180°  C., 
11.4  per  cent,  and  so  on  until  at  280°  C.  63.8  per  cent,  of  volatile  prod- 
ucts had  been  driven  off  and  36.2  per  cent,  only  of  the  water-free  wood 
remained  in  the  retort.  The  products  given  off  in  this  period  of  heating 
between  150°  and  280°  are  the  valuable  liquid  products  known  as  pyrolig- 
neous  acid  (acetic  acid  and  its  homologues),  wood-naphtha  or  methyl  alcohol, 
methyl  acetate,  acetone,  furfurol,  the  mixture  of  phenols  known  collectively 
as  "wood-creosote,"  and  other  bodies  of  empyreumatic  and  tarry  odor. 
These  bodies  differ,  as  will  be  seen  later  in  very  important  respects,  from 
coal-tar  products.  Above  280°  C.,  the  decomposition  proceeds  somewhat 
differently,  hydrocarbons,  both  gaseous  and  liquid,  being  formed.  The  ad- 
ditional percentage  of  loss  by  weight  between  280°  and  350°  C.  is  only 
6.5  per  cent,  of  the  water-free  wood,  but  it  makes  from  eighty  to  ninety 
volumes  of  gas.  The  decomposition  continues  from  350°  to  430°  C., 
when  the  total  loss  by  weight  amounts  to  eighty-one  per  cent,  of  the  water- 
free  wood.  The  products  obtained  within  these  limits  of  temperature  are 
largely  solid  hydrocarbons  like  paraffin  and  high  temperature  products  like 
benzene  and  toluene,  naphthalene,  phenol  and  cresol.  From  430°  to 
1500°  C.  the  additional  loss  of  weight  is  only  1.7  per  cent.  We  may  sum 
up  these  results  by  saying  that  three  periods  may  be  distinguished  broadly 
for  this  decomposition  of  wood  by  heat:  first,  from  150°  to  280°  C.,  the 
period  of  watery  acid  products ;  second,  from  280°  to  350°  C.,  the  period 
of  gaseous  products ;  and,  third,  from  350°  to  430°  C.,  the  period  of  liquid 
and  solid  hydrocarbons.  Violette  found  also  great  difference  in  the  re- 
sults according  as  the  temperature  was  slowly  raised  or  as  the  wood  was 
rapidly  brought  up  to  a  higher  heat.  Thus,  one  hundred  parts  by  weight 
of  wood  slowly  heated  so  that  the  temperature  of  432°  C.  was  only  reached 
after  six  hours  left  18.87  parts  of  charcoal,  while  one  hundred  parts  of 
the  same  wood  put  into  a  retort  previously  heated  to  432°  C.  left  only  8.96 
parts  by  weight  of  charcoal. 
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n.   Processes  of  Manufacture. 
1.  DI-TII.I.  ATK.N  oi   mi:  \\'<MU>. — The  prinihhre  method  of  difltfllhig 

wood  devisrd  l»y  the  rliaivoal-l»nrm-r-.  in  \\hieh  tin-  wood  was  piled  ii|»  in 
larnc  heap-  cov.-red  in  l»y  clay  and  tiirfsoasto  form  a  circular  d«  .im-— hap.  d 
mound,  is  still  followed  in  >oim-  heavil\  -\\  ••««!.  d  districts.  Of  course  tin- 
rhaivnal  is  tin-  ..nly  jimdurt  s..nLr|lt  m  t|,is  QM6,  ami  the  gaseous  ami  liquid 
products  of  the  distillatinn  an-  alli»\vt«d  to  esciljM-.  In  Kn  — ia  ami  >\M«l.-n 
the  oharooal-burning  in  inmimU  i>  m»\v  rn-<|ii<-ntly  <•<, ml. im-<l  with  the  col- 
lection of  the  tar,  which  as  it  condenses  is  nia<l«-  t«>  il<.\\  through  in«-liiiMl 
tmnn-hs  and  is  drawn  oil'  in. in  In-low.  In  this  way  th«-  valnal»l.-  l.in-h-|»ark 
tar  (see  p.  318)  and  kimoel  (Russian  turpcntim-  oil)  an-  nl.taimd.  Fora 
].I-M|KT  roll.vtii»n  <>f  all  the  products  of  the  destructive  di-tillation  of  wood, 
however,  it  is  essential  that  the  distillation  be  carried  out  in  retorts  provided 
with  proper  condensation  apparatus.  These  retorts  may  1><  cither  set  in 
horizontal  or  vertical  position,  and  maybe  either  fixed  or  capable  of  re- 
moval for  emptying  and  re-charging.  It  is  found  convenient  in  large  works 
where  it  is  desirable  to  carry  on  the  distillation  continuously  to  have  a  series 
of  retorts  connected  with  one  and  the  same  condensation  apparatus  and 

FIG.  102. 


heated  by  the  same  fines.  Such  an  arrangement  of  retorts  is  shown  in^Fig. 
102.  This  arrangement  allows  of  the  n-moval  and  re-charging  of  a  single 
retort  without  interrupting  the  working  of  the  others.  The  heating  should 
be  conducted  slowly  at  first  so  that  the  maximum  yield  of  the  low  tem- 
perature products,  acetic  acid  and  methyl  alcohol,  may  be  obtained,  then 
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increased  until  the  gas  comes  off  freely,  and  at  the  end  of  this  stage  of 
the  decomposition  again  strengthened  to  drive  over  the  high  temperature 
products  characteristic  of  the  last  period  of  distillation.  As  the  maximum 
temperature  needed  is  beyond  the  record  of  the  mercury  thermometer,  a 
pyrometer  can  be  used  or  a  small  bar  of  metallic  antimony  which  melts  at 
432°  C.  taken  as  indicator.  Superheated  steam  has  also  been  used  as  a 
means  of  accurately  controlling  the  application  of  heat  in  the  distillation, 
and  it  is  said  that  the  majority  of  European  works  manufacturing  charcoal 
for  gunpoAvder  purposes  use  this  method  of  distillation.  The  liquid  which 
runs  off  from  the  condenser  is  at  first  wax-yellow  in  color,  but  becomes 
dark-colored,  reddish-brown,  and  eventually  nearly  black  and  quite  turbid. 
When  allowed  to  stand  at  rest  it  soon  separates  in  two  sharply  distinct 
layers, — the  lower  one  of  a  thick  tar,  dark  or  perfectly  black  in  color, 
and  the  upper  one,  which  is  much  the  larger  in  amount,  is  the  crude  pyro- 
ligneous  acid  and  is  reddish-yellow  or  reddish-brown  in  color.  A  light 
film  of  oil  often  covers,  in  part  at  least,  this  watery  layer  and  represents 
the  benzene  hydrocarbons  produced.  We  have  already  noted  the  fact  that 
the  yield  of  liquid  products  was  affected  greatly  by  the  temperature  used 
for  distillation.  Different  varieties  of  wood  also  vary  somewhat  in  the 
results  obtained,  even  when  distilled  under  the  same  conditions  of  tempera- 
ture. This  is  illustrated  in  the  following  few  examples  :  * 


Charcoal. 

Tar. 

Crude  pyro- 
ligneous 
acid. 

' 
Containing 
actual  acid. 

Gases. 

T?  A  v      i,  f  slowly  heated  .... 
Redbeech{  rapidly  heated     .    .    . 
-D.    -U   f  slowly  heated 

26.7 
21.9 
29.2 
21.5 
34.7 
27.7 
30.3 
24.2 

5.9 
4.9 
5.5 
3.2 
3.7 
3.2 
4.4 
9.8 

45.8 
39.5 
45.6 
39.7 
44.5 
42.0 
41.0 
42.0 

5.2 
3.9 
5.6 
4.4 
4.1 
3.4 
2.7 
2.4 

21.7 
33.8 
19.7 
35.6 
17.2 
27.0 
24.4 
24.1 

h  \rapidlyheated 

r\  i    f  slowly  heated  . 

\  rapidly  heated     

-p.         (  slowly  heated  

!    \  rapidly  heated  

Beech-wood  and  foliage  trees  in  general  yield  distinctly  more  acid  than 
coniferous  trees,  but  the  latter  yield  more  tar  of  terebinthinate  character.  The 
figures  given  above,  it  must  be  remembered,  however,  were  gotten  in  experi- 
ments with  small  portions.  In  practice,  working  with  larger  quantities,  the 
yield  of  several  of  the  products  is  notably  larger.  The  yield  of  wood-spirit, 
or  methyl  alcohol,  varies  from  five-tenths  to  one  per  cent,  of  the  weight  of 
the  dry  wood. 

The  emptying  of  the  retorts,  if  done  as  intended  while  the  charcoal  is 
yet  glowing,  involves  the  use  of  air-tight  pits  into  which  the  charcoal  can 
be  emptied  from  the  retorts  and  immediately  covered  with  moist  charcoal- 
powder  to  prevent  loss  by  combustion.  A  form  of  apparatus  for  distilling 
the  sawdust  so  abundantly  produced  in  wood-working  processes  has  been  de- 
vised by  Halliday,  of  Salford,  England,  and  is  said  to  work  satisfactorily  in 
practice.  It  is  shown  in  Fig.  103.  It  consists  of  a  horizontally  placed 
cylindrical  retort,  A,  within  which  revolves  an  endless  screw,  B.  The  saw- 
dust is  regularly  fed  in  through  the  vertical  pipe  C,  and  falling  upon  the 


*  Ost,  Lehrbuch  der  technische  Chemie,  p.  294. 
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BCTOW   i-    k«-pt    iin.  vim:   at  a    uniform    -peed    al-.n-  tli.-  entire    !•  n-tli    of  the 
heated  retort.      At   tin-   farther  end  the  Vftpon  U  ttti  of  the 

distillation  escape   through  an   a-cendin-j-  pip'  .    A.  l.adiii'j    !••   the  OOQCl 

\\hile  tin-  |M.\\(|«  ivd  c|ian-«»al  «lrn|»s  throiiuli  tli«-  JMJH-  1)  int..  \\at.T,  u  ! 
quenched. 


is  at 

A  general    \ir\vnt'   the  product*  nf  tli.'  <li-tillation  of  wood  uml    th.-ir 
sul)sr(jiicnt    tivatniriit    is  ^ivrn    in    the   ac<-ninpan\  inur  dia-i-aiu    iak.-n    tV-in 

Pott.* 

•_'.   TI:I:\  IMI.N  T  \M»  l'i  i:ii-n  \TK.\  ,,i  THKCin  [>K  \V  ......  -VIM:«,AK.  — 

The  In-own  aqueous  solution  ponreo!  oil'  t'nnn  the  tarrv  lavn- 

a  Mi-..!)-'   einpyreinnatie  n«|nr,  and    .-nntain-,  In-id.-   th«-   a.-.ti,-   ;i,-id.  in.  -th\  1 

alcohol,  acetone,  and  hoinolo^mi-  kct.»n«-,  all\  1  alcohol,  lioiuul«.^ne.-  ot 

Fio.  103. 


acid  (>nch  as  t'onnie,  propionic,  hntyric,  and  valcriani<-  a.-id-i.  methyl  Mc«-t;it.-. 
acetate  of  ammonia  and  of  mcthylaininc,  aldehyde,  tnrfiirol,  phenoU.  and 
other  einpyreninatic  and  tai-rv  lu.die-.  It  i-  n<>t  ns«-d  in  its  crude  conaition 
e.\<-ept  in  the  preparation  ot'  the  crude  pyrnli^nito  of  iron  (//v,»-//»y»/o/- 
limited  amount  for  impregnating  WO<xL  'I'he  tir-t  -tep  toward-  pnriti«-atioii 
is  to  separate  the  //•<><><(-,  i<t/>lifli<r  (the  fraction  containing  the  metliyl  alcohol 
acetone  and  methyl  acetate)  from  the  ir<>n<l-rin«i<ir  (ermle  acetic  acid),  which 
is  done  by  distillation.  Two  procedures  arc  possible  here.  Kither  to  neu- 
tralize the  crude  pyrolii:-ne«ins  acid  with  milk  of  lime  and  then  di.-til  «»tf  the 
volatile  constituents  only,  usinjr  an  iron  still,  or  to  distil  the  crude  pyro- 


*  Post,  Chcin.  Technologic,  p.  78. 
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ligneous  acid  from  a  copper  -till  without  nentrali/ing  with  lime.  In  the 
former  ca>e,  while  tin-  wood-naphtha  di.-tils  off  the  tarry  impurities  of  the 
crude  pyroligneoiis  aeid  remain  with  the  lime  salt  in  the  still,  and  on  evan- 
oration  a  dark  ma.--  is  nl»tain«-d  kn..\\n  a-  "  brown  iOetftte  of  linn-."  In 

the   latter  CBfle,  after  catching   the   \\ I  naphtha   distillate,  the   n-c.-iver  18 

changed  and  the  crude  acet  ie  acid  i<  al-o  eolleeted  freed  to  a  considerable 
extenl  from  tarry  matter,  so  that  on  nciitrali/ing  uith  milk  of  linn-  :ind 
evaporating  the  product  is  it  lighter  -alt  known  as  " gray  acetate  of  lin. 
The  latter  proee-s  i-  now  more  generally  in  use.  The  solution  of  tin-  <  al- 
eium  acetate  is  evapoi-ated  in  iron  pans;  the  phenol-  and  tarry  products 
which  volatili/ed  with  the  acetic  acid  separate  largely  as  scum  and  may  IM- 
skimmed  off,  so  that  the  residue  of  the  evaporation  is  much  purer  than  the 
product  of  the  other  method  mentioned  above. 

If  the  brown  acetate  of  lime  has  been  obtained  and  is  to  be  further 
worked  for  acetic  acid,  it  is  found  necessary  to  roast  it  at  a  temperature  not 
exceeding  -500  C.  so  as  to  drive  off  as  much  of  the  tarry  impurity  as  pos- 
sible without  decomposing  any  of  the  acetate.  If,  on  the  other  hand,  the 
gray  acetate  is  taken,  it  is  distilled  from  copper  retorts  with  concent  rated 
aqueous  hydrochloric  acid,  taking  care  to  avoid  an  excess.  The  acetic  acid 
distils  over  between  100°  and  120°  C.,  is  clear  in  color  and  has  only  a 
slight  empyreumatic  odor.  Its  specific  gravity  usually  ranges  from  1 .058  to 
1.061,  and  it  contains  about  fifty  per  cent,  of  pure  acetic  acid.  If  some 
water  is  added  with  the  hydrochloric  acid  so  that  the  distilled  acetic  acid  is 
more  dilute  it  tends  to  give  a  purer  product,  as  the  liberated  acetic  acid  <-.m- 
not  decompose  any  of  the  calcium  chloride  before  coming  over.  A  good 
proportion  is  said  to  be  one  hundred  parts  of  acetate  of  lime,  ninety  tc 
ninety-five  of  hydrochloric  acid  of  1.160  specific  gravity,  and  twenty-live 
parts  of  water.  The  acetic  acid  so  obtained  has,  as  was  just  .Mated,  a  slight 
empyreumatic  odor.  It  may  be  freed  from  this  by  distilling  with  two  to 
three  per  cent,  of  potassium  bichromate.  A  trace  of  empyreumatic  odor  is 
also  removable  by  filtration  through  freshly-ignited  wood  charcoal. 

The  distillation  with  hydrochloric  acid  is  much  to  be  preferred  to  the 
older  method  with  sulphuric  acid,  whereby  gypsum  was  formed  instead  of 
the  freely  soluble  chloride  of  calcium,  and  the  sulphuric  acid  was  frnjnently 
reduced  by  the  organic  impurities  of  the  crude  acetate  with  the  formation 
of  sulphurous  acid,  which  is  an  impurity  difficultly  removable  from  the 
acetic  acid. 

The  brown  acetate  of  lime  usually  contains  about  sixty-ei^ht  to  >i\t\  - 
nine  per  cent,  of  pure  acetate,  while  the  gray  acetate  contain-  from  eighty- 
five  to  eighty-six  per  cent,  of  true  acetate. 

In  recent  years  it  has  been  found  practicable  to  prepare  pure  acetic  acid 
from  the  crude  pyroligneous  acid  by  making  the  sodium  salt  instead  of  tin- 
lime  salt.  The  sodium  salt  allows  of  purifying  by  recry-talli/ation,  and 
can  also  be  fused  without  decomposition,  two  positive  advantages  over  tin- 
lime  salt,  (ilacial  acetic  acid  is  always  made  by  distilling  the  anhydrous 
and  fused  sodium  acetate  with  concentrated  sulphuric  acid. 

3.  PURIFI<  ATIM.N  OF  im:  CRUDE  N\"«Mn»->i>ii:rr. — The  wood-spirit 
forms  the  first  fraction  when  the  crude  pyroli-ncMii-,  acid  is  distilled,  and 
amounts  to  perhaps  one-sixth  of  the  latter  in  bulk.  It  is  usual  to  collect. 
however,  until  the  hydrometer  reading  of  the  distillate,  which  begins  at 
about  .900,  has  risen  to  1.000  or  a  little  beyond.  This  distillate  forms  a 
greenish-yellow  liquid  of  unpleasant  odor  and  contains  many  impurities 
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besides  the  acetone  and  methyl  acetate,  the  chief  substances  which  are  pres- 
ent with  the  methyl  alcohol.  Milk  of  lime  is  first  added  and  allowed  to 
stand  with  the  liquid  for  several  hours.  The  mixture  heats  up  quite  dis- 
tinctly as  the  lime  combines  with  any  free  acid  and  begins  to  decompose  the 
methyl  acetate  and  other  ethereal  compounds  of  acetic  acid,  small  quantities 
of  ammonia  often  being  given  off.  It  is  then  distilled  by  connecting  it  with 
a  column  rectifying  apparatus.  (See  p.  211.)  The  distillate  thus  obtained, 
of  about  .816  specific  gravity,  is  colorless  at  first  but  gradually  darkens  in 
color,  and  if  diluted  with  water  becomes  milky  from  separated  oily  hydro- 
carbons and  ketones.  It  is  therefore  diluted  down  with  water  .to  about  .935 
specific  gravity  and  allowed  to  stand  until  this  oily  impurity  rises  to  the  top 
in  a  distinct  layer.  The  diluted  spirit  is  again  distilled  over  lime  once  or 
twice  with  a  rectifying  column  and  so  brought  to  ninety-eight  or  ninety-nine 
per  cent,  strength.  The  acetone  impurity,  however,  is  not  removed  by  any 
of  these  rectifications,  as  the  boiling-point  of  acetone  (56.4°  C.)  and  methyl 
alcohol  (55.1°  C.)  do  not  allow  of  their  separation  in  this  way.  To  re- 
move the  acetone  a  number  of  methods  have  been  proposed.  The  methyl 
alcohol  may  be  converted  into  the  solid  chloride  of  calcium  compound,  or 
the  oxalate  of  methyl  and  the  acetone  having  been  removed  by  careful  heat- 
ing, the  methyl  compound  is  decomposed  by  water  or  alkali.  Or  the  methyl 
alcohol  is  distilled  over  chloride  of  lime,  which  reacts  with  the  acetone  to 
form  chloroform.  Or  after  adding  iodine  and  then  caustic  alkali  until  the 
solution  is  again  decolorized,  the  methyl  alcohol  is  distilled  off  from  the 
iodoform  produced  from  the  acetone.  The  passing  in  of  chlorine  in  order 
to  convert  the  acetone  into  high  boiling  chloracetones,  which  are  then  sepa- 
rated from  the  methyl  alcohol  by  distillation,  has  also  been  proposed. 

4.  TREATMENT  OF  THE  WOOD-TAR. — The  tar  which  has  separated  from 
the  crude  pyroligneous  acid  by  settling,  and  that  which  has  risen  and  been 
skimmed  off  in  the  neutralizing  of  the  acid,  are  united  and  submitted  to  dis- 
tillation in  horizontally-placed  iron  retorts,  which  are  set  at  a  slight  inclina- 
tion. At  first  acid-water  comes  over,  then  light  oils,  and  finally  heavy  oils 
until  no  more  will  distil.  The  pitchy  residue  is  run  out  while  hot,  so  that 
it  does  not  adhere  to  the  walls  of  the  retort.  The  relative  amounts  of  the 
several  fractions  from  the  tar  depend  upon  the  nature  of  the  wood  used  in 
the  original  distillation  and  upon  the  way  that  distillation  has  been  carried 
out.  Hard  woods  usually  give  a  tar  which,  according  to  Vincent,  when 
redistilled  yields  as  follows  : 

Aqueous  distillate  (wood-spirit  and  pyroligneous  acid)  .    .  10  to  20  per  cent. 
Lighter  oily  distillate  (specific  gravity  .966  to  .977)     .    .    .  10  to  15    "      " 
Heavy  oily  distillate  (specific  gravity  1.014  to  1.021)  ...  15    "      " 

Pitch 50  to  65    "      " 

The  oily  distillates  are  washed  with  weak  soda  to  remove  adhering  acid 
and  then  carefully  rectified,  when  the  oils  coming  over  under  150°  C.  are 
collected  for  solvent  and  varnish-making  purposes,  those  between  150°  and 
250°  C.  collected  as  creosote  oils,  and  those  above  250°  C.  used  for  burning 
oils. 

The  creosote  oil,  which  is  the  most  valuable  part,  is  thoroughly  agitated 
with  strong  caustic  soda  solution,  the  aqueous  layer  drawn  off,  mixed  with 
sulphuric  acid,  and  allowed  to  stand  for  a  time  at  rest,  when  the  creosote 
oil  separates  out.  This  is  best  driven  off  by  steam  distillation  and  again 
rectified  finally  from  glass  retorts. 


PRODUCT*. 

Stockholm  t:ir,  KI  lar-.  lv  u-,-d  in  -hip-lmildin;:,  j.  tl,(.  product  ni'  a  rude 
di.-tillation  of  the  re~inon>  \\  .....  I  of  the  pine. 

North  (  'arolina  pine-tar  i>  aUo  tin-  product  of  a  di.-tillation  of  the  pin,-. 
The  hillets  of  pine-\\«M.d  are  piled  in  heap-  like  a  mound, 

though  not  80  large,  CM  \-e  red  in  \\iih  elay  and  turl',  and  li-hted  from  the 
top.  The  n-in  or  tar  di-liU  do\\n\\ard  and  run-  oil'  throiiidi  inclined 
trough--  previously  li\<d  for  it.  It  i-  nlivimi-  that  tin-  i-«.ni|H.-it  i«.n  .,}'  IM,»|I 
the  Stockholm  and  the  North  <  'arolina  tar  diller-  notaUy  Ir-'in  thai  of 
\viMMl-tar  di-tillf«l  in  ivt«.rt>  t'roin  hard  \VM<M|>.  'I'hi-  ••,,iiij,,.-itinii  \\ill  U- 
ivli-nvd  In  later. 

ffl.   Products. 


1.  PviiiH.P.Minl   -    \<   ID    AM'    I'lMHH  (  '1^  T  1  1  I  •:  I  :  I   I  ~\H  »\!  .  -  The  enid- 

as  <>l)tain«'(l  in  the  distillation  is  a  dear  liquid  «»t'  n-ddi-h-lirnun  mli.r  and 
Mn.iiLL  acid  taste,  with  a  jMviiliar  peiirtratin^  <'d<.i-  d«-crilM-<l  a-  ••ni|>\  r.  u- 
matie,  and  n<>\v  known  to  be  duo  largely  to  the  t'nrthml  it  <-«,ntain-.  It 
|  M.ssesses  a  specific  gravity  of  from  l.ols  to  l.o:;oand  contain-  t'roni  t'..  in- 
to seven  per  cent,  of  real  acetic  acid.  J'l/ro/if/nif*  <>{  !,•<>,,  (iron  or  I.; 
liquor)  is  a  solution  of  fcrrou  \\itli  some  ferric  acetate.  pn-parMi  l»y 

acting   upon  serap-ii'on   with   <'rn<le    pyrollgneoiiH    aeid.      It    toim-  a  d 
hlaek  li(jnid,  and  is  eoneenti'at<'d    l>y  foiling  to  1.120  8|)ecific  gravity,  \sh.u 
it   contains  aln»ut  ten  per  cent,  of  iron.     It  is  extensively  us<-d   l,y  cali«  •»- 
printers.     Bruiru   itn'l  <jray  acetate  of  liine  have  been  already  i-.  ii  rr.d  t,.. 
(  >ther  technually  important  acetates  are  lead  acetate  (sugar  of  lead),  used  in 
the  preparation  of  the  alum  mordants  and  the  lead  pigment-;:  copper  ocd 
the  hasic  salt  of  which   is  known  as  "  veixligris  ;"    a/nininiim  acetate,  tin- 
solution  of  which  is  used  in  calico-printing  under  the  name  of"  red  liquor." 
Pure  acetic  acid  is  a  colorless  aeid  liquid  with  pungent  smell  and  taste. 
It  crystallizes  when  chilled  in  large  transparent  tal»let>,  niching  ut  16.7°  C., 
whence  the  name  "glacial  acetic  acid."      Its  specific  gravity  at  15°  < 
1.0553,  and  it  boils  under  normal  pressure  at  119°  C. 

2.  MKTHYL  ALCOHOL  AND   \VOOD-SPIRIT.  —  As  before  stated,  crude 
wood-spirit  is  a  complex  liquid  and  contains  many  impurities.     The  [ 
centage  of  real  methyl  alcohol  may  rise  to  ninety-five  percent.,  l>ut  more 
generally  ranges  from  seventy-five  to  ninety  JKT  cent.     Some  impure  wood- 
naphthas   go    much    lower,    however,    than    this.       A    lar^e    percentage  of 
acetone  does  not   interfere  with  its  use  as  a  solvent  for  resins  and   for  var- 
nish-making, hut  does  interfere  with  its  use  in  the  aniline-mi.,  r  indn-try, 
where  a  very  pure  methyl  alcohol  is  needed  for  the  manufacture  of  dimethyl 
aniline.     The  methods  of  freeing   methyl  alcohol   from   the  two  chief  im- 
purities, methyl  a<vtat«'  and  acetone,  have  already  been  referred  to.     Pure 
methyl  alcohol   has  a   purely  spiritous  odor,  a   -pediic  gravity  of  .7995  at 
1")°  (  '.,  and  LoiU  at  -V>.  1  °  ('.      It    is   mi-dhle  in  all   proportions  with  water, 
ordinary  alcohol,  and  ether. 

3.  AcElora,  —  This  substance  is  of  interest  as  always  produced  in  the 
distillation  of    wood,  and   hence    pi.-,  nt    in    the   crude   wood-spirit.     The 
acetate-  aUo  yield  it  as  the  chief  product  when  submitted  to  dry  distillation. 
At  present  it  is  made  on  a  large  scale  by  distilling  the  gray  acetate  of  lime 
in  iron  stills  provided  with  mechanical  agitation  at  a  temperature  of  ab«»ut 
290°  C.     When   purified,  it  is  a  eolorlo.-  liquid  of  peculiar  ethereal  odor 
and  burning  taste,  and  like  methyl  alcohol  is  miscible  in  all  proportions 
with  ether,  alcohol,  and  water.     It  is  an  excellent  solvent  for  resins,  gums, 
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camphor,  fats,  and  pyroxylin,  or  gun-cotton.  It  does  not  form  a  compound 
with  dry  calcium  chloride,  and  can  thus  be  separated  from  methyl  alcohol 
when  in  admixture  with  this  latter.  Chlorine  and  iodine  in  the  presence 
of  an  alkali  react  with  acetone  to  form  chloroform  and  iodoform. 

4.  CREOSOTE. — Wood-tar  creosote  is  a  strongly  refracting  liquid,  which 
is  colorless  when  freshly  distilled  but  gradually  acquires  a  yellow  or  brown 
color.     It  has  a  smoky  aromatic  odor,  which  is  very  persistent  and  is  quite 
distinct  from  that  of  carbolic  acid.     It  has  a  specific  gravity  ranging  from 
1.030  to  1.080,  and  boils  between  205°  and  220°  C.     It  is  a  powerful 
antiseptic,  and  is  largely  used  to  preserve  meats,  etc.     It  differs  from  coal- 
tar  creosote  in  containing  relatively  little  common  phenol  (carbolic  acid) 
and  relatively  large  amounts  of  higher  phenols,  such  as  phlorol,  CgHg.OH, 
guaiacol,  C7H7O.OH,  and  creosol,  C8H9O.OH. 

5.  PARAFFINE. — This  mixture  of  solid  hydrocarbons,  as  already  said, 
occurs  in  the  higher  boiling  distillate  gotten  from  wood.     It  is  of  interest 
to  recall  that  paraffine  was  first  discovered  by  Reichenbach  in  beech- wood 
tar.     At  present,  however,  the  extraction  of  paraffine  from  wood-tar  is  not 
to  be  thought  of  because  of  the  cheapness  of  its  production  from  petroleum 
and  bituminous  shales.     It  has  been  already  described  under  the  chapter  on 
Petroleum.     (See  p.  30.) 

6.  CHARCOAL. — We  have  already  shown  in  the  table  of  results  of  slow 
and  rapid  distillation  of  wood  (see  p.  332)  that  the  relative  amount  of  char- 
coal depends  upon  the  manner  of  heating,  being  larger  with  gradual  appli- 
cation of  heat  and  smaller  with  rapid  heating.     The  properties  and  chemical 
composition  of  the  charcoal  are  similarly  dependent  upon  the  temperature 
to  which  the  wood  is  heated.     Wood  is  stated  to  become  brown  at  220°  C., 
at  280°  C.  it  becomes  a  deep  brownish-black  and  begins  to  be  friable,  and  at 
310°  C.  forms  an  easily  friable  black  mass  taking  fire  easily.     That  prepared 
at  higher  temperatures  is  harder  and  less  readily  ignited,  and  it  eventually 
becomes  graphitic  and  rings  with  a  metallic  sound  when  struck.     The  accom- 
panying table  from  Violette  shows  the  gradual  change  in  the  composition 
of  charcoal  prepared  at  different  temperatures  from  the  same  kind  of  wood 
(buckthorn) : 


Heated  to 

Carbon, 
per  cent. 

Hydrogen, 
per  cent. 

Oxygen,  nitro- 
gen, and  loss. 

Ash, 
per  cent. 

Dry  wood  

150°  C. 

47.51 

6.12 

46.29 

0.08 

Charred  wood 

260°  C 

67  85 

504 

26  49 

0  56 

Red  charcoal  . 

280°  C 

72  64 

4  70 

22  10 

0.57 

Brown  charcoal    .... 

320°  C. 

73.57 

4.83 

21.09 

0.52 

Dull  black  charcoal  .    .    . 

340°  C. 

75.20 

4.41 

19.96 

0.48 

Lustrous  black  charcoal  . 

432°  C. 

81.64 

1.96 

15.25 

1.16 

Extreme  white  heat     .    . 

1500°  C. 

96.52 

0.62 

0.94 

1.95 

IV.  Analytical  Tests  and  Methods. 

1.  ASSAY  OF  PYROLIGNEOUS  ACID  AND  CRUDE  ACETATES. — The 
crude  pyroligneous  acid,  as  before  stated,  contains  from  four  to  seven  per 
cent,  of  real  acetic  acid.  Its  strength  may  be  ascertained  by  titration  with 
standard  alkali,  using  phenol-phthalein  as  an  indicator.  If  the  liquid  is 
too  dark  to  allow  of  the  end  reaction  being  readily  seen,  it  can  be  diluted 
sufficiently,  as  the  reaction  will  still  be  sufficiently  delicate.  In  the  absence 
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of  sulphates  in  the  sample,  the  acetic  acid  can  be  determined  by  add  in  i: 
excess  of  pure  precipitated  harium  cm-Inmate  to  tin-  solution,  filtering,  and 
determinin-j-  the  barium  in  tin-  filtrate  l»y  the  aid  of  -iilphuric  aeid. 

As  the  JIN c.  .ligneous  acid  is  largely  converted  into  calcium  acetate  iu  the 
process  of  pimfvm-j-,  the  analysis  of  the  l,r«.\\n  or  gray  acetate  ,,f  lime  a.-  a 
oommon  oommereiaJ  product  becomes of  some  importance.  This  commercial 
acetate  may  contain  from  -i\ty-five  to  eighty  per  e.  nt.  of  true  aeetate  of  linn  •. 
with  carbonate  of  lime,  so-called  u  tar-lime,"  and  empvreiimatie  matter  a- 
chief  impurities.  The  acetic  acid  determination  may  be  made  \>\  dill.  r. m 
method-,  hut  the  mo-t  accurate  a.  to  th.-  e.\|>eri<  mi-  of  the  author  is 

the  distillation  met  hod,  as  suggested  by  Stillwell  and  ( lladdin^.     <  )ne  gramme 

of  the  sample  of  acetate  of  lime  is  placed  in  a  small  distillation  bulb  or  flask 

with  a  louo-  neck,  a  little  distilled  water  added,  and  then  a  solution  of  five 
grammes  of  glacial  phosphorie  acid  dissolved  in  ten  cubic  centimetres  of 
water.  The  Husk  is  then  heated  to  distil  off  the  acetic  acid,  care  In-ill-  tak.ii 
to  avoid  spurting  and  mechanical  carrying  over  of  any  of  the  phosphoric 
acid.  When  the  content.-  have  nearly  gone  to  dryneas,  -mm-  tuenty-tive 
cubic  centimetres  of  distilled  water  are  introduced  and  the  distillation  re- 
peated. If  this  is  done  some  three  or  four  time-,  the  di-tillate  will  U-  found 
to  be  free  from  acid  reaction.  The  combined  distillate  i-  then  brought  to 
definite  volume  and  titrated  with  decinorinal  soda  solution,  using  phenol- 
phthalein  as  indicator. 

2.  DETKIIMIN Aiiox  OF  METHYL  ALCOHOL  IN  ('<>MMKI:<  i  \i.  \\'<>OD- 
SPIRIT. — But  one  method,  and  that  not  capable  of  the  most  accurate  working, 
is  at  present  available.     Five  cubic  centimetres  of  the  sample  <  >f  \\  <  •« « l--j  >i  rit 
are  allowed  to  drop  slowly  upon  fifteen  grammes  of  phosphorous  di-iodide 
placed  in  a  small  flask  of  some  thirty  cubic  centimetres  capacity.     This  is  con- 
nected with  an  inverted  condenser  and  cooled  externally  while  the  r.a<  tioii 
take-  place.     Five  cubic  centimetres  of  a  solution  of  one  part  iodine  in  one 
part  of  hydrogen  iodide  of  1.7  specific  gravity  is  then  added  and  the  mixture 
gently  digested  for  a  quarter  of  an  hour,  when  the  conden-.  r  having   !• 
turned  downward  the  iodide  of  methyl  formed   i-  di-tilled  •»!!'.     It  is  col- 
lected in  a  graduated  tube  divided  into  one-tenth  cubic  centimetres,  washed 
with  some  fifteen  cubic  centimetres  of  water  with  vigorous  agitation,  allowed  to 
settle,  and  the  volume  read  off".    Five  cubic  centimetres  of  pure  and  perfectly 
dry  methyl  alcohol  should  give  7.45  cubic  centimetres  of  iodide  of  methyl 

3.  DETERMINATION  <>F  mi:  ACI:T<>M:  IN  ( '<>MMI:I;CI  \i.  \YboD-6Pii: IT. 
— This  may  be  done  by  either  the  Kraemer  and  Grod/ki  gravimetric  method 
or  the  Messinger  volumetric  method,  l>oth  of  which  depend  upon  its  ijnanti- 
tative  conversion  in  the  presence  of  iodine  and  caustic  alkali  into  iodofm-m. 
In  the  former  case,  one  cubic  centimetre  of  the  simple  of  wood-spirit    i- 
mixed  with  ten  cubic  centimetres  of  a  double  normal   -olntioii  of  can-tic 
soda  (eighty  grammes  to  the  litre),  and  to  the  mixture,  after  thoroii-h  agita- 
tion, is  added  five  cubic  centimetres  of  a  solution  containing  two  hundred 
and  fifty- fun  r  ^ranimes  of  iodine  and  three  hundred  and  thirty-two  grammes 
of  potassium  iinlide  to  the  litre.     The  iodoform  which  separates  on  agitation 
is  dissolved  by  the  addition  of  ten  cubic  centimetres  of  ether  free  from 
alcohol.     An  aliquot   portion  of  the  ethereal  layer  is  then  pipetted  off  into 
a  tared  watch-crystal   and    the   iodoform   remaining  after  evaporation    is 
weighed.     Three  hundred  and   ninety-four  parts  of  iodoform  correspond  to 
fifty-eight  parts  of  acetone.      More  accurate  is  the  Messinger  volumetric 
process.     In  this,  twenty  cubic  centimetres  (or  thirty  cubic  centimetres  in 
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samples  rich  in  acetone)  of  normal  potash  solution  and  one  or  two  cubic 
centimetres  of  the  wood-spirit  in  question  are  shaken  together  in  a  stop- 
pered 250-cubic-centimetre  flask  and  a  known  quantity  (twenty  or  thirty 
cubic  centimetres)  of  a  one-fifth  normal  iodine  solution  added.  The  mixture 
is  shaken  until  the  supernatant  liquid  clears  perfectly  on  momentary  stand- 
ing, hydrochloric  acid  of  1.025  specific  gravity  is  added  in  amount  equal  to 
the  potash  solution  before  used,  and  excess  of  decinormal  sodium  thio- 
sulphate  run  in.  Starch  paste  is  then  added,  and  the  excess  of  sodium 
thiosulphate  titrated  with  one-fifth  normal  iodine  solution.  If  r  be  the 
volume  in  cubic  centimetres  of  the  iodine  solution  required  to  combine  with 
the  acetone,  and  n  the  volume  in  cubic  centimetres  of  the  methyl  alcohol 
taken,  then  the  quantity  of  acetone  by  weight  in  one  hundred  cubic  centime- 

,.             ,    .                   r  X  .193345 
tres  of  the  sample  is  equal  to — 

4.  QUALITATIVE  TESTS  FOR  WOOD-TAR  CREOSOTE. — Allen  *  enumer- 
ates the  following  tests  as  characteristic  of  wood-tar  creosote  or  as  sufficing 
to  distinguish  it  from  coal-tar  creosote  :  (1)  An  alcoholic  solution  of  wood- 
creosote  should  not  give  any  coloration  whatever  (neither  blue  nor  reddish) 
with  baryta-water ;  (2)  wood-tar  creosote  is  practically  insoluble  in  strong 
ammonia  ;  (3)  wood-tar  creosote  is  also  distinguished  from  the  coal-tar  acids 
by  its  reaction  with  an  ethereal  solution  of  nitrocellulose.  Shaken  with 
half  its  measure  of  collodion  solution  carbolic  acid  coagulates  the  gun-cotton 
to  a  transparent  jelly.  Creosote  does  not  precipitate  the  nitrocellulose  from 
collodion  but  mixes  perfectly  with  the  ethereal  solution ;  (4)  wood-tar  creo- 
sote is  sharply  distinguished  from  the  coal-tar  acids  by  its  insolubility  in 
absolute  glycerine  (specific  gravity  1.26),  whether  one,  two,  or  three  times 
its  volume  of  that  liquid  be  employed. 

B.  DESTRUCTIVE  DISTILLATION  OF  COAL. 

I.   Raw  Materials. 

Probably  the  most  important  industry  involving  the  destructive  distilla- 
tion of  coal  is  the  manufacture  of  illuminating  gas.  The  classes  of  coals  em- 
ployed for  the  purpose  are  confined  to  those  varieties  which  are  bituminous 
in  their  nature,  yielding  when  distilled  volatile  hydrocarbons  in  varying  quan- 
tity. The  uncombined  or  "  fixed  carbon,"  with  the  mineral  constituents 
originally  present  in  the  coal,  remaining  after  the  distillation  comprise  coke. 

Bituminous  Coals  have  the  property,  not  possessed  by  the  anthracites, 
of  softening  and  apparently  fusing  when  subjected  to  a  temperature  below 
that  at  which  combustion  would  take  place.  This  fusion  indicates  the  com- 
mencement of  destructive  distillation,  when  both  solid,  liquid,  and  gaseous 
carbon  compounds  are  formed.  Bituminous  coal  is  essentially  a  coking  coal, 
and  as  such  is,  to  a  very  great  extent,  employed  in  the  coking  regions  of 
Western  Pennsylvania.  It  is  black  or  grayish-black  in  color,  of  a  resinous 
lustre,  and  somewhat  friable,  being  easily  broken  into  cubical  fragments  of 
more  or  less  regularity ;  upon  ignition  it  burns  with  a  yellow  flame.  When 
it  is  heated  to  bright  redness  in  retorts  or  ovens,  free  from  the  access  of  air, 
the  volatile  matter,  before  mentioned,  carbon  compounds  of  hydrogen  and 
of  oxygen,  with  water,  pass  off.  Coals  having  a  large  percentage  of  hydro- 
gen will  yield  more  volatile  substances  at  the  temperature  of  distillation 

*  Commercial  Organic  Analysis,  2d  ed.,  vol.  ii.  p.  568. 
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and  less  carbonaceous  residue  than  other-  \\lii.-h  may  contain  less  hydrogen 

an. I  more  carbon, —  approaching  anthracite  in  eompo^it  j,,n. 

('<>kin<i  <tii>f  \<ni-rnl:iiit/  (  '.ml*  an-  <|iiite  .-imilar  in  eh.-mieal  composition  ; 
tlic   cokm-   varietie-    contain    1«  —  volatile    matter,    ho\\,-\,  r,    tlian    tin     n 
(-..kin-  ;     the    latter    (|.,    nut    possess    lln-    property    of    fii-iiii:    to  a  compact 
"coky"  mass,  l.nt   ivtain  their  original  form,  an. I  yield  a  coke  \\hieh  ha-  110 
commercial  value  mile—  it   i-  obtained  from    lai--,-  pi.-.-,-  of  th«-  00*1 

Ctnuiff  ('»<!/  is  much  more  compact  than  £80  OF  Ooking  OOak.  dtllkr  fa 
appearance,  p.-scssing  a  ^rayish-hla.-k  t.»  l.|-<.\\n  r..l,,r.  ami  luirnin-j  \\iih  a 
clean  candle-like  llanic.  It  d(,.-  imt  soil  the  hand-,  and  i-  imt  ivadily  frac- 
tured. It  is  capable  of  taking  a  lii^h  p«»li-h,  and  -an  I..  «-nt  «»r  turned  into 
article-  for  u-e  or  (»rnainentatioii.  ( 'aniiel  .  ..al  ..enn^  in  larje  .jiiani 
in  \\'.-t  Virginia,  and  near  (  ila^.'\\ .  Scotland,  in  L:mea-hiiv,  l-j.-land.  and 
at  other  localities.  1  >est nu-tively  distilled,  it  yield>  a  lar^(?r  amount  of 
volatile  matter  and  asli,  with  much  N>s  coke,  than  the  bitnminoii-  eoaU. 

lli-turn   ('oaf,  <>/•  I/i<jnit<',  a p| tears   to  occupy  an    intermediate  po-ition  be- 
tween the  hitiiminons  coaU  and  wood.      It    retain-  the  li.jm-oii-  -tnietnr- 
the  material  from  which  it  is  formed, — henee  the  name  A/';////'/,.      The  vege- 
table remains  in  a  ^reat  many  eases  are  Hiiite  di-tim-i.     The  color  varie-  l 
yellowish-brown   in   the    earthy,   to   black    in    the    more   compact,  coal-like 
varieties.     The  percentage  (.t'  cai-bon  contained   i-   low,   titty  to  eighty  p.-r 
cent.,  though  rarely  exeeedini:-  seventy  per  cent.,  while  the  hydrogen  j-  fr..in 
4  to  6.85  per  cent.     Oxygen  and   nitrogen  arc   pn-,  nt    in  variable  <pian- 

tities  from  7.59  to  36.1   per  cent.      The  a.-h    in   ^ 1   «|iialitie-   is   low,   in 

<  art hy  specimens  is  hi^li,  in  many  cases  exceeding  fifty  j»er  cent.  Li-jnite 
does  not  yield  coke.  Aside  fro  in  beini:  ntili/.ed  as  fuel  in  the  -ev.-ral  local- 
ities where  it  is  found,  for  both  domestic  and  industrial  purpose-,  it  ha- 
been  distilled  for  volatile  eon.-titnents  in  Saxony. 

Peat,  or  Turf,  occurring  in  lar^'  area-  in  Ireland  ami  in  -oine  part-  of 
Kurope,  consists  of  the  decayed  remains  of  certain  forms  of  plant-.  It  has 
been,  according  to  Mills,  destructively  distilled  for  tarry  pn.dm •!-,  the  in- 
dustry, however,  heiiur  no  longer  profitable. 

The  following  tables,  taken  from  the  Reports  of  the  Second  Geological 
Survey  of  Pennsylvania,  show  the  analyses  of  some  of  the  more  important 
varieties  of  American  gas  coals,  coking  coals,  and  non-coking,  or  bio, -k 
coals. 

/.  Gas  Coals. 


WESTMORELAND  COAL  COMPANY. 

PENNSYLVANIA  GAS  COAL  COMPANY. 

South  Side 

Mint-. 

POUR 

Mine. 

Larrimer, 
Nat, 

Irwin, 

No.  1. 

Irwin. 

Sewi. 

Water  at  225°  .  . 

Vnlutil.-  mutter  . 
Fi.\r«l  carbon.  . 
Sulphur  .... 
Adi 

1410 

MUNM 

,1  ,-.::,; 
UN 

l..r)60 
M  •••-' 
4.260 

1.780 

H  00 

.,.,_-., 

ojn 

LflpQ 

1.280 
H  106 
M  188 

5.440 

1.490 

:::  l  ,: 
:--\-: 

2^06 

Total  .... 

100.000 

100.000 

100.000 

100.000 

100.000 

100.000 

Coke,  per  cent.  . 
Fuel  ratio  .  .  . 

1:1.47 

Md'reath. 

61.590 
1:1.48 

McCre.uh. 

McCreath. 

•  ath. 

60.615 

1  :  1  1-J 
McCreath. 

61.157 
McCreath. 
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II.    Coking  Coals. 


Connells- 
ville, 
Frick  &  Co. 

Bennington, 
Cambria 
Iron 
Company. 

Broad  Top, 
Barnet. 

Broad  Top, 
Kelley. 

Cumber- 
land. 

Huntingdon 
County, 
Alloway 
Colliery. 

Moisture  .... 
Volatile  matter  . 
Fixed  carbon  . 
Sulphur  .... 
Ash 

1.260 
30.107 
59.616 
0.784 
8233 

1.400 
27.225 
61.843 
2.602 
6930 

16.00 
74.65 
1.85 
750 

19.68 
71.12 
1.70 
750 

1.10 
15.30 
73.28 
1.23 
908 

0.250 
14.510 
77.042 
1.338 
6  860 

Total.  .  .  . 

100.000 

100.000 

100.00 

100.00 

100.00 

100.000 

Coke,  per  cent.  . 
Fuel  ratio  .  .  . 

68.63 
1:1.98 
McCreath. 

71.375 
1  :  2.27 
McCreath. 

81.00 
T.T.Morrell. 

71.00 
T.T.Morrell. 

83.59 
1  :  4.78 
McCreath. 

85.24 
1:5.30 
McCreath. 

///.    Non-coking  Coals  (Block  Coal). 


Mercer 
County,  Pa., 
Sharon  Coal. 

Youngstown, 
Ohio. 

Mercer 
County,  Pa. 

Straitsville, 
Ohio. 

Brazil,  Ind. 

Moisture  .... 
Volatile  matter  .  . 
Fixed  carbon  .  . 
Sulphur 

3.79 
35.30 
53.875 
0  675 

3.60 
32.58 
62.66 
(0  8M 

3.80 
25.49 
68.03 
1  04 

36'.  50 
55.60 
0  96 

io'.15 
57.20 
0  75 

Ash 

6  36 

1  16 

1  70 

6  94 

1  90 

Total  .... 

100.000 

100.00 

100.06 

100.00 

100.00 

Coke,  per  cent.  .  . 

60.91 
McCreath. 

"VVormley. 

Jno.  Fulton. 

61.00 
Wormley. 

58.00 
Prof.  Cox. 

Effects  of  High  or  Low  Temperature  in  the  Distillation  of  Coal. — Coal 
when  distilled  at  a  low  temperature  yields  products  of  a  very  different 
nature  from  those  obtained  if  the  temperature  employed  had  been  high. 
On  this  subject  Professor  Edmund  T.  Mills,  of  Glasgow,  in  his  little  man- 
ual on  "Destructive  Distillation"  (3d  ed.,  p.  9),  states  that  "at  a  very  high 
temperature  the  products  from  coal  and  shales  are  carbon  and  carbonized 
gases  of  low  illuminating  power,  with  but  little  liquid  distillate ;  at  a  low 
temperature  there  is  much  liquid  product  and  gas  of  high  illuminating 
power.  The  greatest  amount  of  liquid  product  of  low  boiling-point  is  found 
in  American  and  Russian  petroleums,  which  have  probably  been  produced 
by  the  long-continued  application  of  a  very  gentle  natural  heat. 

"  When  coal  is  slowly  heated  (as  must  be  to  a  great  extent  the  case  when 
it  is  broken  fine,  or  when  a  large  retort  is  used),  its  oxygen  is  chiefly  con- 
verted into  water ;  when  rapidly  heated,  the  oxygen  is  expelled  as  carbonic 
oxides." 

To  show  the  verification  of  these  principles  in  practice,  the  results  of 
high  and  low  temperature  distillation  upon  three  different  coals  may  be 
quoted  from  the  same  authority  : 


RAW  MATERIALS. 


of  Gas,  Oil,  etc.,  from  Shales  and  Coals  at  High  and  Low  Heats. 


GoooS 

11  \!   I- 

BOOHEA 

D  COAL. 

GAS! 

IMS, 

High  be*U. 

Low  heats. 

High  br*U. 

LowbMtt. 

IIIlbhMU. 

LuwbMis. 

(  Gas            

i"  i" 

n  KJ 

, 

t    *   • 

•Jf\  A  A 

*  49 

Ammonia-water  .  . 

3  \   Tar  <>r  oil    
Sulphur             .  .  . 

M8 

11.04 

6.47 

17...- 

2.43 

JH,,, 

O  1H 

::_•.: 

La 

I7JH 

n     -• 

7  Jl 

26.46 

>H   1  Water  at  212°.  .  .  . 

{Fixed  carbon  .  .  . 
Sulphur 

iaa 
mt 

4.16 

MJM 

10.81 

0.80 
~~  61.88 
9.01 

6U6 
12.40 

4.15 
~"  46.10 

45.00 

n  *u 

~    40.18 
•Jl 

Ash 

LOB 

,.  i  . 

•i  j 

,    *    t 

».  j.i.i 

-'••'  ' 

67.85 

78*4 

88.62 

41.65 

64.90 

~  68182 

100.00 

100.00 

100.00 

100.00 

100.00 

1.....I 

Coke  (dry)  per  ton  of  shale 
or  cojil 

1  5-X)  Ibs 

•  ]i,s 

865  Ibs. 

984  Ibs 

i  980  Ibs. 

1.840  Ibs. 

Specific  gravity  of  shale  or 
coal 

1  £ 

18 

1  j 

•  'i 

14 

96 

—The  low  heat  results  were  gotten  by  distilling  the  sample  in  a  two-Inch  iron  tube  in  a  gas- 
furnace. 

Lunge  (Coal-Tar  and  Ammonia,  2d  ed.,  p.  17)  states  that  "Tin-  qiiaii- 
tity,  and  to  a  much  greater  extent  the  quality,  of  the  tar  are  influenced  by 
the  temperature  at  which  the  decomposition  of  the  case  is  carried  on.  Low 
temperatures,  with  nine  thousand  cubic  feet  of  gas  per  ton  of  coal,  will 
yield,  with  some  coals,  sixteen  gallons  of  Uir  ;  whil-t  at  hi<:h  tempenitims 
the  yield  will  be  but  nine  gallons,  with  about  < •!<  -\  <  n  thousand  cubic  feet  of 
gas,  from  the  same  coal.""  If  the  temperature  being  a  comparatively  low 
one,  mostly  such  hydrocarbons  are  formed  as  belong  to  a  paraffin  (methane) 
series,  having  the  general  formula  CnH2n  +  s,  alon^i  Nvitli  the  nh-tin-.  <  '  II  . 
The  lower  members  of  this  Itriea  are  liquid,  and.  iunii-hrd  in  the  pure 
state,  are  lighting  and  lubricating  oils  ;  the  higher  ones  are  solid  and  form 
commercial  paraffine.  They  are  always  accompanied  by  oxygenized  deriva- 
tives of  the  benzene  series  (phenols) ;  but  <>t'  the-e  the  more  complicated 
ones  predominate,  in  some  01  which  methyl  occurs  in  the  benzene  nucleus,  in 
others  replacing  the  hydrogen  of  hydroxyl. — •.</.,  eresol,  CfH4(CH,VOH)  ; 
jruaiacol,  C6H4(OH)(OCH3)  •  creosol,  C6H8(CH,)(OHXOCH,),  etc.  Liquid 
products  prevail  ;  and  among  the  watery  ones  acetic  acid  (which  is  again 
a  compound  of  the  fatty  series)  is  paramount.  Of  course  also  permanent 
gases  are  always  o-ivcii  <>tl',  though  in  comparatively  small  quantity. 

If,  on  the  other  hand,  the  coal  has  been  decomposed  at  a  very  high 
temperature,  the  molecules  arc  grouped  quite  differently.  WliiUt  the 
oletins  and  members  of  the  acet\  leiie  .-< -ri« -  .-till  occur  more  or  less,  the 
hydrocarbons  of  the  paraffin  serie-  disappear  almost  entirely  ;  and  from 
them  are  formed  on  the  one  hand  compound-  much  richer  in  carbon,  on  the 
other  hand  more  hydrogenized  bodies.  The  latter  always  o<vur  in  the  gas- 
eous state  ;  hence  the  gas  so  produced  contain-  methane,  or  marsh-gas,  CH4, 
and  free  from  hydrogen  as  principal  constituents,  and  is  very  much  increased 
in  quantity.  The  carbon  thus  set  free  is  partly  deposited  in  the  retorts 
themselves,  and  then  occurs  in  a  very  compact  graphitoidal  form;  another 

*  Davis,  Journ.  Soc.  Chem.  Ind.,  1886,  p.  5. 
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portion  of  the  free  carbon  occurs  in  a  state  of  extremely  fine  division  in 
the  tar,  and  forms  a  constituent  of  the  pitch  or  coke  remaining  behind  from 
tar-distilling ;  another  portion  contributes  to  the  formation  of  compounds 
richer  in  carbon,  belonging  to  the  "  aromatic"  series,  all  of  which  are  de- 
rived from  benzene,  C6H6.  At  the  same  time  the  action  of  heat  effects 
further  molecular  "  condensations,"  usually  with  separation  of  hydrogen, 
by  which  process  compounds  of  a  higher  molecular  weight  are  formed,  as 
naphthalene,  anthracene,  phenanthrene,  chrysene,  etc.  The  never  absent 
oxygen  must  also  in  this  case  cause  the  formation  of  phenols ;  but  here 
phenol  proper,  or  carbolic  acid,  C6H6(OH),  predominates,  whilst  cresol  and 
the  other  homologues  are  diminished  in  quantity,  and  the  dioxy-benzenes, 
as  well  as  their  methylated  derivatives,  disappear  altogether.  The  above 
will  be  better  illustrated  by  the  statement  (from  Stohmann-KerPs  "  Chemie," 
3d  ed.,  vi.  p.  1162)  that  Zwickau  glance  coal  yielded  the  following  quite 
different  products,  according  to  whether  it  was  put  into  a  cold  retort  and 
gradually  brought  to  a  red  heat  (a),  or  distilled  quickly  from  a  very  hot 
retort  (6) : 

a.  6. 

Coke 60.0  50.0 

Water 10.7  7.7 

Tar 12.0  10.0 

Gas  and  loss '. 17.1  32.1 

The  tar  from  (a)  consisted  of  photogen,  paraffine  oil,  lubricating  oil, 
paraffine,  and  creosote ;  that  from  (6),  of  benzene,  toluene,  naphthalene,  an- 
thracene (together  with  heavy  oils  corresponding  to  the  paraffine  and  lubri- 
cating oil),  and  much  creosote. 

The  annexed  diagram,  constructed  by  S.  B.  Boulton,  and  published  in 
the  Society  of  Chem.  Ind.  Journal,  1885,  p.  471,  represents  the  whole  pro- 
cess of  the  destructive  distillation  of  coal,  including  the  subsequent  treat- 
ment of  the  main  fractions,  and  exhibits  in  their  proper  order  the  various 
products  obtained  therefrom. 

n.  Processes  of  Treatment. 

1 .  GAS-RETORT  DISTILLATIONS  OF  COAL. — The  distillation  of  coal  as 
carried  out  in  retorts  differs  from  distillations  of  other  substances  mainly  in 
the  apparatus  employed  and  in  the  nature  of  the  substances  to  be  recovered. 
For  gas  purposes,  retorts,  wrherein  the  decomposition  of  the  coal  used  takes 
place,  are  made  use  of,  which  were  originally  constructed  of  cast  iron,  about 
one  inch  in  thickness,  twelve  to  fifteen  inches  in  width,  and  about  seven  feet 
in  length,  closed  at  the  rear  end,  and  provided  at  the  front  or  mouth  with 
a  heavy  shoulder  or  rim  supplied  with  studs  to  which  is  attached  a  cast-iron 
extension,  technically  termed  the  "neck,"  which  carries  on  its  upper  side  a 
flange  to  which  is  secured  upright  pipes  serving  to  lead  the  gases  generated 
away  from  the  retort.  The  front  of  the  neck  is  provided  with  a  screw- 
clamp  to  retain  the  lid  or  cap  of  the  retort  in  position.  Iron  retorts  are 
destroyed  with  great  rapidity  ;  the  destruction  being  caused  by  the  heat  of 
combustion  of  the  fuel  used,  the  sulphur  in  the  gas  coal  (an  impurity  always 
present  in  more  or  less  quantity),  which  acts,  forming  sulphide  of  iron,  and 
the  carbon,  which,  as  a  carbide  of  iron,  graphitic  in  appearance,  forms  layers 
within  the  retort  from  one  to  two  inches  in  thickness.  The  oxygen  of  the 
air  also  has  a  very  deleterious  influence,  especially  upon  retorts  when  heated 
to  redness. 


DI  A( 

Showing  the  most  important  of  the  products  derived  from 

manufact 


The  direct  products  which  can  be  separated  as  they  come  over  from  the  still,  by  filtra- 
tion or  other  simple  processes,  are  marked  thus,  j__  Those  substances  which  are 
prepared  by  further  chemical  treatment  are  marked 


COAL  GAS. 


GAS-LIQUOR. 


Liquid 
Ammonia. 

Sulphate 
of 
Ammonia. 

Chloride 
of 

Ammonia. 

Carbon- 
ate of 
Ammonia. 

Kitro- 

Benzol. 

Nitro 

Toluol. 

ANIL  INK. 

TOLIJI- 

DINE. 

Nitro- 
Xylol. 

Nitro- 

Cumol. 

For  the  manufacture  of  pure  carbolic, 
cresylic,  and  other  tar  acids,  further  and 
elaborate  treatment  is  required. 


XVLIDINE. 

CUMIDIXE. 

AM 

•vcastle  Coal  when  carbonized  by  the  usual  method  for  the 
of  coke. 


Tin-  direct  products  <>f  tin-  dead  oils  uru  iirnuiKiul  as  nearly  OB  possible  a< 
their  r-  id  t«.  ihr  order  111  which  they  come  over  from  (he  >till. 


COKI 


•ailed  r 


u  tli-ad  oil 


PIK  n. 


,.-  '  <  i  »  l  I  I  BAA  VI         | 

NAI-IITMA-       Scries,—          I'lieiiMii- 

I  I         „  t 


GREEN  OILS,  distilling  from  -VjO0  to  T.'tP  F. 

A  NT  I  IK  A- 


1'yrt-iiu 

thrriH'. 

Clir>  - 


KAPII- 


I'HTHAI.It 

ACID. 


Al.I/.A 

HIM:. 


IM  U.T- 

I:IM  . 


1  UOCESSES  OF  TREATMENT. 

In  later  yearn  fire-clay  retorts  have  !.««•,,  -uh-titnt<d  f,,r  those  made  of 

cast  iron,  for  tin-  reason  that  tin-van-  more  durable.       I  :t-arein 

of  a  mi  \tuiv  nt'  clay  ami  -ami,  and  an-  furni-ln  d  t<i  tin-  g:i— \\«>rk-  in  -everal 
shapes,  the  >emi-c\  lindrical  bring  the  mi.-  m.  ,ll\-  . mpl<.\  .-d.  Tin- 

vary,  six   to  nine  teet   in  length,  lifte.-u  t..  i\\.-nt\    im-he-  in  \\idth,  and 

fl-olll      t.'ll      I"     lit  tern      inrhr-     ill      height      bring     (In-     average.    ;i||,l     take   a    charge 

of  one  hundred  and  fifty  to  i  \\ .,  hundred  pound-  of  r«.al.  Itetorta  have 
hrrn  made  up  in  nineteen  t'rrt  in  length.  IM  ing  charged  from  Ix.th  end-. 

The  retort-,  varying  in  number  t'n>m  livr  to  -e\-t  n,  or  0760  nine  and  i: 
an-  mounted  in  brick  furnaces  of  special  eun-t  nietiMii.  in  -urh  a  manner  that 
the  ga-e-  of  comhu-tion  of  the  coal  will   pass  around   and    over   th- 
and   out    through  a  main   tliir   Iratlin-  t«.  t  he  ehimney.      The  fuel  rmpl.. 
ran   he  either  eoal,  rokr,  or  a   mixtnn-  of  Ix.th.      (  ia-  a-  a   mean-  «.f  l'r 
has  heen  used  for  the  purpose,  the  method  ln-ini:  l-a-ed  IIJMUJ  the  \vi-ll-kn«>\\  n 
regenerative  system  of  Sir  William  Sinnen-. 

The  retorts  are  charged  l»y  hand,  eiin-  l>«-iii-  tak«-n  to  .-v.-nly  di-tribute 
the  coal  over  the  sole,  or  bottom,  and  to  <•!..-.•  it  ijniekly.  N'arion-  attempt* 
have  been  made  to  perform  this  laborious  work  with  m«-rhani«-al  means,  but 
at  pre-ent  no  entirely  satisfaetory  substitute  ha-  brrn  t'oiind. 

The  products  of  distillation  pass   from    the   ivtort-   |,n>prr   thi-oii^h   the 
neck,  and   upward   through  ea-t-iroii  ,s7^ /»'/-////«>-,  which  are   provide!  with 
-neck  outlets,  dipping  below  the  snriacc  of  water  in  what  is  termed  the 
intiin. 

It  is  in  this  part  of  the  process  that  the  main  bulk  of  the  tar  is  ob- 
tained, together  with  the  ammonia-liquor .  The  hydraulic  main  i-  pn»\  id.-d 
with  an  overflow-pipe  through  which  all  the  tarrv  matter-  pass.  Thi- 
OVerHow-pipe  leads  to  the  tar-well,  wherein  the  liquid  product-  ei.llert. 

The  gas  having  been  fretnl  from  the  tarry  matter-,  d- -..e.i ntain* -d,  pa— e- 
I'roMi  the  hydranlie  main  with  a  considerably  elevated  temperature,  earn 
in  a  vaporised  state  hydrocarbons  that  would  separate  as  its  temperature  i- 
lowered.  It  is  necessarily  very  important  to  remove  these  volatile  and  con- 
densable products,  which  is  effected  by  causing  the  gas  to  pa.--  Ji  a 
§6X168  of  pipes,  which  reduces  its  temperature  verv  clo-e  to  that  of  the  atmos- 
phere. The  older  form  of  condenser  wa-  a  scri«-<  of  pipes  completely  cov- 
ered with  wat'-r,  similar  to  the  worms  as  at  pre-ent  nnplovrd  in  r,.un»-rtion 
with  spirit  and  other  distillations.  This  arrangement  was  replaced,  hnwever, 
by  the  forms  now  universally  employed,  and  known  a<  the  atm 
coiideu-'-rs,  consisting  of  vertical  pipe-  connected  in  pair-  n.-ar  the  top  by 
straight  or  curved  pieces;  the  lower  en<l  ot'  th<i  upright  pipe-  IM-'IDL:  <..n- 
neeted  to  a  box  or  trough  containing  water,  divided  by  partition-,  causing 
the  gas  to  pass  up  and  down  alternately,  as  shown  in  FiLr>.  I'M  and  !<>:,. 
Tarry  matters  and  more  amnioniacal  litjuor  are  ag:iiu  obtained,  which  finds 
its  way  to  the  tar-well. 

The  gas  after  circulating  through  the  condensers  -till  contain*  impuri- 
ties which  are  removed  bv  pa  — in-  it  through  an  apparatn-  known  as  the 
Nt'1-iiWnT,  con-i-tinu  essentially  of  cylindrical  wnmght-iron  towers  lilled  with 
coke,  over  and  thnuigh  which  trickle-  a  light  flow  of  water.  ..r  better,  \\.-ak 

ammoniacal  litpior ;  the  ira-  j)a--in_r  upward,  meets  thi-  downward  flow  of 
liquid,  and  to  it  gives  up  the  hydrogen  sulphide  contained,  with  the  forma- 
tion of  ammonium  sulphide,  etc.  Tarry  matter*  again  are  separated,  and 
iu  time  cause  the  coke  to  become  somewhat  clogged.  This  apparent  draw- 
back has  led  to  the  introduction  of  perforated  iron  plates  in  place  of  the 
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FIG.  104. 


coke,  or,  what  has  also  proved  equally  efficient,  wooden  lattice  screens. 
Anderson's  rotating  scrubber  consists  of  brushes,  which  while  rotating  dip 
into  a  trough  of  ammoniacal  liquor,  and  thereby  perform  functions  similar  to 
the  means  above  mentioned.  Another  form  of  scrubber  consists  of  a  tower 
containing  cast-iron  plates  provided  with  perforations, 
through  which  ammoniacal  liquor  passes  in  its  down- 
ward course,  meeting  the  gas.  The  liquid  is  contin- 
uously pumped  to  the  top,  wrhen  it  again  passes 
down,  coming  in  contact  with  fresh  gas.  This  is 
repeated  until  the  liquor  has  taken  up  sufficient  am- 
monia to  make  it  available  to  the  ammonia  sulphate 
manufacturer.  From  the  scrubber  the  gas  passes  on 
to  the  purifiers,  where  the  hydrogen  sulphide  still 
remaining,  carbon-disulphide  vapor,  and  the  carbonic 
acid  are  removed.  The  purifiers  ordinarily  used  con- 
sist of  a  large  shallow  box,  constructed  of  cast  iron 
in  sections,  and  bolted  together,  or  of  wrought-iron 
plates,  provided  with  a  cover,  the  edge  of  which 
dips  in  water  contained  in  a  channel  provided  at  the 
top  of  the  box,  acting  as  a  seal  and  preventing  the 
escape  of  gas  at  that  point,  as  shown  in  Fig.  106.  The 
purifying  agent  generally  employed  is  slaked  lime, 
which  is  spread  upon  wood  screens,  within  the  box, 
from  four  to  six  in  number,  one  above  the  other,  and 
supported  by  ledges.  Hydrogen  sulphide  and  carbon 
dioxide  are  absorbed  by  the  lime,  while  compounds 
of  cyanogen  are  at  the  same  time  decomposed. 

Four  purifiers  are  generally  used,  three  being  in 
service,  while  the  fourth  is  reserved  charged  with 
fresh  lime.  Gas  enters  the  one  containing  the  oldest 
lime,  and  when  it  is  noticed  that  lead-acetate  paper 
is  discolored  by  some  of  the  gas  acting  upon  it,  it  is 
known  that  the  purifying  material  is  saturated ;  this 
purifier  is  discontinued,  and  the  freshly-charged  one 
placed  in  service, 
tinually  rotated. 


In   this   manner  they  are  con- 


Ferric  hydrate  (hydrated  ferric  oxide)  is  also  largely  employed  in  gas  puri- 
fication,— Laming  process.  Gas  charged  with  hydrogen  sulphide  coming  in 
contact  with  the  above  causes  a  reduction  to  ferrous  sulphide,  at  the  same 


FIG.  105. 


time  some  sulphur  is  deposited,  with  the  formation  of  water.  This  process 
does  not  absorb  the  carbon  dioxide  from  the  gas ;  for  this  purpose  lime 
is  mixed  with  the  ferric  hydrate,  together  with  some  cinders  or  sawdust,  in 
order  that  the  whole  may  be  porous,  and  resist  as  little  as  possible  the  pas- 
sage of  the  gas.  When  the  purifying  action  has  ceased,  simply  exposing 
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the  inert  mixture  to  the  aetion  ,,!'  t|,t.  :l;r  f,,r  a  uj,il,.  restores  it-  |.r..p«-rtie-, 

llphlir  that 


uith 


-u 


until  after  repeated  u.se  it  Ixjcomes  >• 
it  is  no  longer  available. 

The  introdiieiion  .,('  free  oxygen  int..  ih.-  ious  t«.  it  .•nt.-i-iii-j  the 

purifiers,  has  been   found  tn  lengthen   tin-  time  .luring  whieh  tin-  oxide  of 
iron  can  remain  without  ln-in^  ,  •handed,  thejvl.v  sivinu  iniirh  handlin. 


Fio.  100. 


has  also  improved  the  illuminating  power  of  the  gas.     (Journ.  Soc.  C'ln-m. 
Ind.,  vol.  viii.  pp.  84  and  694.) 

From  the  purifiers  the  gas  passes  through  tin-  meter  of  the  works, 
where  the  volume  is  registered,  then  on  to  the  gas-holders,  where  it  is  stored 
and  from  which  it  is  distributed. 

The  following  table   illustrates   the   composition  of   illuminating 
taken  from  various  stages  of  manufacture : 


KnUTltlK 
the  air  con- 
denser. 

Entering 
the 
scrubber. 

Kii  taring 
thr 
learning's 

I>untk-r. 

Filtering 
tbi  ::!::-•- 
purifier. 

Entering 
the  gas- 
holder. 

Hydrogen   

:;:.:<: 

;;:  ('7 

87.97 

87.97 

87.97 

Mjirsh-gas  .    . 

89.78 

3S.81 

B8  i" 

10.20 

:\'.  |7 

Carbonic  oxide   
Heavy  hydrocarbons 

T.21 

4  19 

7.16 
4  86 

7.11 
»  4«; 

8.M 

4.66 

8.97 
4.29 

Nitrogen 

4.81 

1  '•:» 

6.89 

7  s-1. 

Oxygen 

5.81 

047 

0.16 

(i  4^ 

Carbon  dioxide 

3.72 

387 

:',  89 

:;  :;;; 

II  vdrogen  sulphide 

1  o.; 

1.47 

0.66 

0.86 

Ammonia    .    . 

0.54 

2.  COKE-OVEN  DISTILLATION  OF  COAL. — The  burn  inn-  ofooke  in  nits, 
"meilers,"  or  mounds,  represents  tin-  tir-t  n-uuli  and  \\a-t«  iul  ni<  thoa  of 
convertiii";  l)itumiimu>  c«»al  int.»  coke;  involving,  at  the  same  time,  tin- 
total  loss  of  all  the  volatile  matter  <.('  the  e«>al.  It  allows,  however,  of  the 
smothering  the  finished  coke  with  fine  dust,  instead  of  reauirinir  it  to  U* 
quenched  with  water,  as  in  other  methods.  The  so-called  "bee-hive"'  ovens 
allow  of  the  volatilizing  of  a  mueh  greater  amount  of  sulphur  in  the  coal, 
and  give  a  decidedly  increased  yield  of  coke  over  the  pit-burning  method. 


348     INDUSTRIES  BASED  UPON  DESTRUCTIVE  DISTILLATION. 

The  charge  can  be  run  through,  too,  in  less  than  half  the  time.  Some  air  is 
admitted  in  both  cases,  with  consequent  loss  of  coke,  and  no  attempt  is 
made  to  save  the  residuals  in  either  case. 

The  distillation  of  coal  in  ovens  differs  materially  from  the  older  methods 
of  production  in  piles  or  kilns  in  that  the  inflammable  gases  given  off  are 
to  some  extent  utilized. 

The  Appolt's  oven  consists  of  a  series  of  vertical  retorts  built,  generally, 
in  two  rows,  enclosed  by  brick  walls.  Each  retort  is  surrounded  by  air- 
spaces which  are  in  communication  one  with  the  other,  and  with  the  inside  of 
each  retort.  It  is  within  this  air-space  that  combustion  of  the  gases  gener- 
ated by  the  decomposition  of  the  coal  occurs ;  air  having  been  permitted 
to  enter  through  openings  for  the  purpose.  The  bottom  of  each  retort  is 
provided  with  a  large  door,  which  is  opened  to  permit  the  charge  of  finished 
coke  to  fall  into  a  pit  built  for  the  purpose. 

The  Coppers  oven  is  mainly  employed  in  the  coking  of  finely-divided  coal. 
The  shape  of  each  chamber  is  long,  slightly  tapering,  to  facilitate  the  re- 
moval of  the  coke,  narrow,  and  of  a  height  equal  to  about  three  times  the 
width.  The  gaseous  products  pass  from  the  oven  through  vertical  flues, 
built  in  the  walls  dividing  the  ovens,  which  open  into  horizontal  flues  under 
each  chamber,  thereby  thoroughly  distributing  the  heat.  The  waste  gases 
are  either  led  under  steam-boilers,  or  are  allowed  to  pass  directly  to  the 
open  air. 

The  Simon-Carves  oven,  illustrated  in  Fig.  107,  is  similar  in  construction 
to  the  Coppee  oven,  but  provision  is  made  for  the  recovery  and  utilization  of 
the  by-products.  Mr.  Henry  Simon,  C.E.,  in  an  address  before  the  British 
Iron  and  Steel  Institute  (Journ.  Iron  and  Steel  Inst.,  No.  1,  1880),  states: 
"  According  to  our  system,  the  coal  is  rapidly  carbonized  by  subjecting  a 
comparatively  thin  layer  of  it  to  a  high  temperature  in  a  closed  and  retort- 
like  vessel,  and,  whilst  in  the  bee-hive  ovens  the  volatile  products  are 
burned  inside,  we  burn  them  around  and  outside  of  this  retort-like  vessel, 
and  only  after  they  are  deprived  of  the  tar  and  ammoniacal  liquor.  Each 
oven  is  in  the  form  of  a  long,  high,  narrowr  chamber  of  brick-work,  and  a 
number  of  these  are  built  side  by  side,  with  partition-walls  between  them 
sufficiently  thick  to  contain  horizontal  flues.  Flues  are  also  formed  under 
the  floor  of  each  oven,  and  at  one,  end  of  these  is  a  small  fireplace,  consist- 
ing of  a  fire-grate  and  ash-pit,  with  suitable  door,  the  fire-door  having 
fitted  above  it  a  nozzle,  through  which  gas  produced  from  the  coking  is 
admitted  to  form  a  flame  over  some  fuel  burning  on  the  grate.  Only  a 
very  trifling  amount  of  such  fuel,  consisting  exclusively  of  the  small  refuse 
coke,  is  used  here,  its  function  being  really  more  that  of  igniting  the  gas 
than  that  of  giving  off  heat.  These  grates  are  not  charged  with  fuel  more 
than  twice  in  each  twenty-four  hours  when  in  regular  work.  The  products 
of  combustion  pass  from  the  fireplace  along  a  flue  under  the  oven  floor  to 
the  end  farthest  from  the  fire.  They  return  along  another  flue  under  the 
floor  to  the  fire  end ;  they  then  ascend  by  a  flue  in  the  partition-wall  to  the 
uppermost  of  several  horizontal  flues  formed  therein,  and  descend  in  a  zig- 
zag direction  along  these  flues,  finally  passing  into  a  horizontal  channel 
leading  to  a  chimney.  The  oven  in  consequence  is  evenly  heated  at  the 
bottom  and  sides,  and  the  coal  contained  is  rapidly  and  completely  coked. 
No  air  enters  the  chambers,  the  only  openings  being  for  the  escape  of  the 
volatile  products.  The  improved  ovens  are  fed  with  coal  by  openings  in 
the  roof,  over  which  coal-trucks  are  run  on  rails ;  and  the  coal  is  evenly 


PROCESSES  OF  TKi:  \  l  Ml .N  1 
Fio.  107. 


848 


350     INDUSTRIES  BASED  UPON  DESTRUCTIVE  DISTILLATION. 

distributed  by  rakes  introduced  at  end  openings,  provided  with  doors  faced 
with  refractory  material,  which  doors  are  closed  and  kept  tightly  luted 
while  the  oven  is  in  operation.  The  feed-holes  in  the  roof  are  also  provided 
with  covers.  Through  the  middle  of  the  roof  rises  a  gas-pipe  provided 
with  a  hydraulic  valve,  which  closes  the  passage  by  a  lip  projecting  down 
from  it  into  an  annular  cavity  surrounding  its  seating,  in  which  it  is  im- 
mersed in  a  quantity  of  tar  and  ammoniacal  liquor,  lodged  there  during 
previous  distillations.  The  volatile  products  of  the  coal  distillation  rise  by 
the  gas-pipe,  and  are  led  through  a  range  of  pipes  kept  cool  by  external 
wetting,  so  that  the  tar  and  ammoniacal  liquor  become  condensed  and  sepa- 
rated from  the  combustible  gas."  The  gas,  after  having  been  freed  from 
the  tar,  etc.,  is  led  through  scrubbers  and  other  apparatus,  as  mentioned 
under  "  Retort  Distillation  of  Coal/7  and  is  then  consumed  in  the  fireplaces 
under  the  ovens.  When  the  charge  of  coal  has  been  converted  to  coke,  it 
is  removed  from  the  ovens  by  means  of  a  piston  worked  by  an  engine 
traversing  rails  in  front  of  the  battery.  The  yield  of  coke  has  been  stated 
to  be  from  seventy-five  to  seventy-seven  per  cent,  of  the  coal.  During  a 
run  of  two  hundred  and  fifteen  days,  the  yield  of  residuals  averaged  27.70 
gallons  of  ammoniacal  liquors  per  ton  of  coal  carbonized,  and  6.12  gallons 
of  tar  per  ton  of  coal  carbonized. 

The  Jameson  oven,  structurally  considered,  is  but  a  simple  modification 
of  the  common  bee-hive  oven,  and  is  made  by  introducing  channels  in  the 
floor  of  the  oven  radiating  from  the  centre.  These  channels  are  covered 
with  perforated  tiles,  and  are,  from  the  centre  of  the  oven  (where  the  chan- 
nels are  lowest),  connected  by  means  of  pipes  which  lead  to  an  exhausting 
apparatus,  and  also  for  the  discharge  of  the  products  of  distillation.  In 
this  process  the  products  are  removed  as  soon  as  they  are  formed,  being 
drawn  down  by  means  of  the  suction  applied  through  the  mass  of  cooler 
coal  than  that  from  which  they  were  generated. 

Considerable  difference  exists  between  the  tars  obtained  from  the  Simon- 
Carve's  and  the  Jameson  coking  processes.  The  first-mentioned  tar  has  a 
specific  gravity  of  1.106,  and  closely  resembles,  chemically,  the  tars  pro- 
duced in  the  illuminating  (retort)  gas  process,  both  being  obtained  at  a  high 
temperature.  The  Simon-Carvers  tar  is  rich  in  naphthalene  and  anthracene, 
but  low  in  naphtha,  benzene,  phenols,  etc.  The  Jameson  tar  is  a  low  tem- 
perature tar,  with  a  specific  gravity  varying  from  .960  to  .994,  and  contain- 
ing no  benzene,  but  trifling  amounts  of  toluene  and  xylene,  while  a  consid- 
erable proportion  of  phenoloid  bodies  are  found,  containing,  at  the  most,  a 
very  small  quantity  of  carbolic  acid.* 

3.  FRACTIONAL  SEPARATION  OF  CRUDE  COAL-TAR. — Following  gas 
retort  distillation,  in  point  of  technical  importance  is  certainly  the  distilla- 
tion of  the  coal-tar  obtained  from  the  former  processes  and  the  separation 
therefrom  of  certain  constituents  which  have  a  wide  application  in  several 
industries.  The  same  general  mechanical  arrangement,  though  somewhat 
simplified,  is  employed,  consisting  of  a  still,  a  condenser,  and  a  receiver. 
The  still  should  be  constructed  entirely  of  wrought  iron,  and  can  be  either 
horizontal  or  vertical.  Horizontal  stills  are,  according  to  Lunge,  far  less 
economical  than  the  vertical.  Fig.  108  is  a  vertical  section  of  a  tar-still 
showing  the  construction  and  fittings.  The  heat  from  the  fire  on  the  grate  b 

*  Consult  Journ.  Soc.  Chem.  Ind.,  1883,  p.  495,  for  tables  of  analyses  of  Simon-Carve's 
and  Jameson  tars. 
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is  prevented  from  impm-in-  a-jain-t  the  cnii.-ave  h,,tlom  .,f  tin-  -till  h\ 
of  th<-  aivh  r/,  hut  passes  thr..ii-li  th.-  ojx»nin0  A  in  tli,  ,-iivulur  \\all  k  into 
vertical  flues  /,  from  \\hieh  it  enter-  tin-  annular  space  /and  through  \\  1160  in 
the  front  <»t'  the  still  t«»  the  IIJ.JM  r  -j.aee  n,  tinallv  «  nt«  i  ni'j  tin-  tine  //,  \\  hi<-li 
leads  to  the  ehimmy.  The  >Mp|»ly-|.ijM-  /  i-  i,.i  -In-  -till.  th.  ; 

es   t«.  imlieati-  \\ln-n    tin-  tank   i-  lull.      Tin-  e«H-k  a  i> 


is  an  overflow,  and  serves 
I'm-  drawing  otl'  the  pitch. 


'I'he  >t  ill-head  /  i-  li.r  .  •  . 


the  \  ap..ri4,and 


is  connected  with  the  condenser.  The  -\>tem  <•('  pi|M-s  ./•//;  indiejited  is  for 
conducting  superheated  steam  into  the  still  for  finishing  the  <li>tillation  :  tin- 
pipes  conforinin«r  to  the  shape  of  the  hottoin,  are  provid.-d  with  a  numlier 
of  jets  for  a  more  e.jiial  distrihution  of  the  steam.  The  remaining  attach- 
ments require  no  further  mention. 

The  con<l''n*'-r  consists  of  a  coil  of  pi|>e  immersed  in  water  con taincnl  in 
an  iron  tank.  In  Knirland,  the  pipe  n-.-d  i-  fr«»m  >i.\  to  nine  (M-I  in  length, 
and  from  four  to  six  inches  in  diameter;  the  total  length  for  one  still  is 
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calculated  at  from  one  hundred  and  forty  to  two  hundred  feet.  In  Ger- 
many, preference  is  given  to  worms  of  iron  (or  lead,  in  which  case  the  pipe 
from  the  still  must  be  continued  below  the  surface  of  the  water  in  the  con- 
denser and  join  the  worm  there,  in  order  to  obviate  the  possibility  of  it 
being  melted),  made  of  two-inch  pipe,  and  mounted  in  circular  tanks  pro- 
vided with  a  steam-pipe  for  heating  the  water,  and  also  with  a  small  pipe 
connected  with  the  worm  for  blowing  in  steam  whenever  it  is  necessary 
to  clean  it. 

Connected  with  the  condenser,  and  located  at  a  safe  distance  from  the 
still,  is  the  receiver,  which  can  be  of  any  convenient  shape,  and  of  such  a 
size  as  to  contain  the  whole  of  one  fraction  ;  or  a  number  can  be  employed, 
each  acting  as  a  store-tank  and  receiver.  For  the  receivers  to  contain  the 
volatile  fractions,  tight-closing  covers  must  be  supplied  to  guard  against 
evaporation  and  fire,  and  the  one  containing  the  first  fraction  to  have  means 
for  separating  the  oily  from  the  watery  layer.  The  receivers  for  the  oils 
which  deposit  crystalline  matter  to  be  so  arranged  that  they  can  be  easily 
cleaned. 

"  Coal-tar  (Allen,  Commercial  Organic  Analysis,  vol.  ii.  p.  352),  as 
obtained  as  a  by-product  in  the  manufacture  of  illuminating  gas,  is  a  black 
viscid  fluid  of  a  characteristic  and  disagreeable  odor.  The  specific  gravity 
ranges  from  1.10  to  1.20,  being  usually  between  1.12  and  1.15. 

"  Coal-tar  is  a  product  of  extremely  complex  composition,  and  contains 
many  bodies ;  the  exact  nature  of  which  are  still  unknown,  though  it  has 
been  the  subject  of  numerous  researches. 

"  As  coal-tar  is  always  more  or  less  mixed  with  ammoniacal  liquor,  the 
constituents  of  the  latter  liquid  are  present  in  addition  to  those  of  the  tar 
proper,  and  the  constituents  of  the  illuminating  gas  itself  are  also  present 
in  a  state  of  solution. 

"  The  first  treatment  of  coal-tar  on  a  large  scale  consists  in  distilling  it 
in  iron  retorts  and  collecting  the  distillate  in  three  or  four  fractions.  The 
temperatures  at  which  the  receivers  are  changed  vary  considerably  with  the 
practice  of  different  works,  and  hence  the  products  are  far  from  being 
strictly  parallel." 

The  annexed  table  indicates  the  three  most  important  methods  of  frac- 
tionation  : 


A. 

B. 

C. 

Product. 

Distilling- 
point  °  C. 

Product. 

Distilling- 
point  °  C. 

Product. 

Distilling- 
point  °C. 

Crude  naphtha, 
or  light  oils    . 
Heavy  oils,  dead 
oils,    or    creo- 
sote oils  .    .    . 
Anthracene  oils 

0  to  170 

170  to  270 
above  270 

First  runnings, 
or  first  light 
oils     .... 
Second  light  oils 
Carbolic  oils     . 
Creosote  oils 

0  to  110 
110  to  210 
210  to  240 
240  to  270 

Light  naphtha 
Light  oils  .  .  . 
Carbolic  oils  . 
Creosote  oils  . 
Anthracene  oils 
Pitch 

0  to  110 
110  to  170 
170  to  225 
225  to  270 
270  to  360 

Pitch  . 

A  nthracene  oils 

above  270 

Pitch     .... 

The  principal  constituents  of  coal-tar  are  separated,  one  from  the  other, 
by  means  of  fractional  distillation,  a  process  depending  upon  the  fact  that, 
if  a  mixture  of  liquids,  each  having  a  different  boiling-point,  be  heated, 
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the  one  having  tin-  l«>u,  M  \\  ill  pa—  «.\  .  r  lir-t,  and  if  tin-  t.  IUJH  nature  18  not 
increa-ed  h.-\nml    that    j.«.int   at   \\hieh   tin-  di-tillat'mn  ,,t'  thi-  fraction  takes 

place,  oo  othW  constituent  will  oome  over  ;  it'  ih.  i.  \\\\»  ram  re  l*>  gradually 

increa>ed   tin-  othrr-   will    fnllnw   in    tin-   «»nl«  r  of  their   1*.  In 

cases  where  tin-  bnilin^-pnin1  lose,  and  even  in  other-  wnm  they  are 

widely  differing,  the  action  of  on  UJM.H  am>th.  «-nts 

end  ieparations, 

Tin-   li"t   -till-  (from   tin-  previous  working)  an-  charged  with  frc>h 
all  tin-  nprninu-s  an-  then  nd  the  lire  carefully  \\ati-ln-d  rliat 

n  »  undue  ri-e  in  temperature.  and   '•.  .n-e<|iirnt    In.i!  --t'  jli«-  «-iiiii. 

may  take  plan-.      Gases,  ainiii'»nia-li<pi<»r,  ami  li'Jit  niU  «li-til  «»vi-r  at   1  7<)°, 
tin-   whole   I"  '••<!   "  !ir-t    runnings."      This    t'ra«-ti..n    i-   (-..1160(1611 

and  allowed  to  stand,  whrn   tli»-  xvattTy  j...rtinn  -M'para!  ..r  !•--  .-..m- 

j>lctcly  trnin  t!ic  niU,  \vhi«-h  an-  n-di-till.-d,  yi«-l«lin-j  ,inunnnin  hnilin-j  uml.-r 
7"  '  at    1  In   ,   \\hidi    i-<   ^nl>-«-«pii-ntlv    pnrifiMl    with    -nlj»hnri«- 

1  and  <li-tillt-<l,  mi/t/iffni,  140°  to  170°,  treated  88  the  IM-H/..I,  \i'ldini: 
"  -.»lvi-nt  naphtha."  This  whnl«'  t'ra«-ti<.n  lias  a  -p<-«-itic  irravity  m-arly  «-,|iial 
t"  that  <»f  water.  The  ><-,-,ui<l  tract  inn  —  tl  middle  nil,"  nr  "carlndic  nil*  — 
di-tiU  over  frni  n-  17<):'  to  -J.-Jcr,  and  contains  the  impure  phenols  or  carlx.lic 
a  -id  and  naphthalene.  It  is  crystallized  and  j  the  mother-liquor  M 

ith 


agitated  with  caustic  s<xla  in  an  iron  tank,  tlio  alkaline  li.pmr  (carlM.laf 
soda)  deeoinposi-d  with  sulphuric  acid  --paratin^  crnd"  rarUolic  acid,  \vlii. 
di-tilled  and  crystal  li/ed,  yielding  litjuul  and  pun»  earl>oli,-  a.-id  in  crystals. 
Tin-  unchanged  oil  from  the  soda  treatment  is  returned  to  tin1  sei-nnd  tVa  - 
tion  for  re-working.  The  press-c-ake  from  the  first  treatment  nf  tin-  frac- 
tion is  purified  with  sulphuric  a  -id,  distilled,  and  yields  naphthalene.  The 
(lu'i'if  jrifti'm  constitutes  the  Am/v/  or  <l-i<l  o/7,  so  called  fmin  the  faet  that 
th-  sp-cifie  irravitv  is  greater  than  water,  and  l»ils  from  230*  i-»  -• 

Lpyinir  a  pnsit'mn  between  middle  oil  and  the  anthraeen  •  fraction.  It 
i-  -nltjected  to  no  further  treatment,  l>:it  is  emploved  chietly  for  preserving 
timber,  varnish  manufacture,  burning  f»r  lamp-bla<-k,  ete.  The  f.uirtli  frac- 
tion, or  ttnfhrcuxne  oil.  b  .iliiu  «»\-,  -r  '11^\  constitutes  the  green  nil  «>r  -jreen 
grease,  from  which,  upon  snbse-pient  treatment,  the  enmmercial  anthnicene 
i-  obtained.  This  fraction  is  allowed  to  stand  for  some  time,  in  ord,-r  to 
cool  and  to  >  -parate  the  cr\--talli/abl  •  s-ib-taii'-es,  when  the  mass  is  drain  -d 
from  the  excess  of  oil  and  pressed.  The  j»n-s-,-ake  iserndc  anthrae,  n,-,  whic-h 
i-  di--  -Ived  in  naphtha  and  knnwn  a-  fiff  •'.  tnil/inr---  ••<•  .  The 

mother-li(|iior  from  the  fir-t  pre-sin-r  Nvith  the  drainin-j-  -tilled,  ct 

talli/.e«l  and  j>re—  ed,  yiel.lin.LC  <-rude  anthracnie.  tr.-at.il  a-  ab-.v.  and  an- 
thracene oil.  The  residue  in  the  still  constitute-  r;tr/,,  which  is  withdrawn 
and  emplnyed  t«.i-  making  ]»avements.  varni-he-. 

The  annexed  diagram   fmm  <  fetfc  "  Lchrluieli  der  Teehni-clieii  (  'h. 
.irraphi<-all\    repree  -nts  the  prcc.-dini:  outline  .,t'  the  tar  <li-tillation  pr.N-,-«. 

\.  TIM:  \TMK\  v  OF  AMMOM  LCA1  LI-.T.  .1:.-—  The  amiimniae:d  li<pi- 
the  Lras-wnrks  is  that  which  pas-.-  nut  enntinimn-ly  fnnn  the  -crnblx-r-  and 
•  •ther  parts  of  the  proe«—  .  and  i-  the  ehief  s«»nive  ,,f  nearly  all  the  ammonia 
of  commerce.      Acr.mlin^  t"  Lun-v.  oi-.linarv  -a  —  li«|in»r  contain-  the  follow- 
ing: 

(a) 

Ammonium  carbonates  (mono-,  ^,.-(|ui-,  and  hi-). 
Ammonium  sulphide    Ml.    8, 
Aninioninm  Imlmsnlphide.  MI4.HS. 

1      ! 
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PROCESSES  OF  TREATMENT. 

Ammonium  cyanide. 
Ammonium  acetate  (?). 
Free  ammonia. 

(b)   /•'/>••//  tif  ordinary  f>  ////»•  rature§. 
Ammonium  -ul|>i 
A  iiiMioniiim  -ulphite. 
Ammonium  thio-ulphate  (livjxisulphite). 
Ainnioninm  thiocarbon.: 
.  \mmoniiim  chloride. 
Ammonium  thiocyanate  (-ulphoc\am<  : 
.  \mmoniiim 


The  salts  of  ammonia  that  arc  volatile  are  readily  removed  from  the 
gas-liquor  upon  simply  hoilinir,  or  by  the  aid  of  steam.  The  fixed  ammonia 

-alt-  reijuire  the  addition  of  chemical  a'jents  —  »•.//.,  lime  —  to  break  up  the 
ooml)ination  and  liberate  the  ammonia  \\hich  is  eventually  recoven-d.  Tin- 
greater  the  amount  of  volatile  ammonia  and  le-<  tin-  amount  of  tin-  non- 
volatile compounds,  the  greater  tin-  value  tin-  liquor  I.  tm«  nt. 

The  method  of  recovering  ammonia  at  a  London  work-.  \\hi-n-  «»n«-  hun- 
dred thousand  gallons  of  li(|iior  an-  treated  daily,  i-  briefly  outlined  a-  fol- 
lows :  The  liquor  is  pumpea  into  a  large  >«  ttliuu-tank,  \\li-  remain- 

ing for  a  day  or  moiv,  it   is  puni]>cd    into  a  "  <  -till,  thirty  f«-«-t   lii-jh, 


into  which  steam  at  t\vo  atmospheres  pn—  uiv  i<  l.lown.  I»y  thi-  1 
the  volatile  ammonium  compound^  an-  -«-pan»t«-d  from  the  >\at.-r  and  the 
non-volatile  eom|K»unds.  Carnal  alon<:  \\ith  the  -team,  the  volatile  eom- 
pound<  pa>s  fn.m  th<-  -till  thnui^h  a  worm,  provided  \\ith  half-inch  holea, 
into  a  sheet-lead  satnrator  filled  two-thirds  with  1  K»'  Twaddle  sulphuric 
acid  and  water.  This  water  so  dilutes  the  aeid  that  it  pn-vmt.-  the  ammo- 
nium sulphate  from  ery-talli/in^  within  the  >aturati>r.  After  -aturation, 
Steam  is  Mown  through  the  solution  to  remove  hydrogen  .-idphide.  whi«-h, 
after  pa—  iiiLi  throii-h  a  com  is  l.urued  ;  tin-  heat  generated  being 

partly  utilized  in  the  production  of'  -team  for  the  operation.  The  -atnrated 
liquid  is  run  off  into  leaden  pans  placed  over  a  fire,  and  evaporated  to  nirh 
a  point  that  the  sulphate  will  erystalli/e  out.  The  iv-idual  mother-li<jiior  is 
made  u-e  of  in  the  dilution  of  the  sulphuric  acid  in  the  .-aturator. 

Without  iioinu-  into  the  detail-  of  cou-tniction  of  the  many  improve- 
ments made  in  the  apparatus  employed  for  the  ncoverv  of  ammonia,  it  mav 
be  well  to  mention  the  apparatus  of  (in'inelHr-  and  Ilium.  KiiT.  109.  A  18 
the  column,  11  the  economi/er  through  which  the  uas-li.juor  jwisses  before 
entei-iii-  the  still,  and  i-  heated  1  ,y  n  i,  an-  of  ^i,  a  m  or  \\  a-t«  .  the 

pump  which  intnxluces  the  lime  into  the  linie-v«  —  «  1  /•'.  1  >  i-  tin-  acid-tank 
01  -aturator.  The  gas-liquor  «-nter-  the  -till  at  the  top  and  dej?cends  from 
chamber  to  chamber,  meeting  tin-  upward  current  of  -team,  till  it  reaches  the 
lime-decomposition-tank  /•',  and  finally  the  U.iler  <;.  In  thi-  i-  a  peculiar 
truncated  cone.  /.  over  which  tl«»\\-  the  li<jiior  fn.m  -tej.  t,,  -tcp.  and  owing  to 
the  increased  an  a  of  each  ^tcp  the  liquor  hci-omcs  thinner  and  thinner,  j 
inittiiiLr  the  -team  to  act  very  thon.u-j-hly.  Tin-  ammonia  p'Ucnitetl  pa—  es 
from  the  still  through  the  pipe  /'t-.  the  -aturator  It.  Waste  gases  collect  in 
the  l>ell  7,  from  which  they  are  1.  d  to  the  ccoiiomi/er  /.'.and  finally  burned. 

Fehlimtnn'#  fijtimrufiifi  \<  a  -team  still,  capable  of  recovering  both  the 
volatile  and  fixed  ammonia,  and  on-upies  very  little  spac,  .  It  consists  of  a 
chambered  column,  lime-tank,  and  an  auxiliary  column,  in  connection  with 
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feed-tanks,  economizer,  lime-pump,  and  saturator.  The  liquor  flows  from 
the  feed-tanks  through  the  economizer,  where  it  is  heated,  to  the  top  of  the 
main  column,  down  which  it  flows  successively  through  the  chambers  in 
which  it  is  boiled  into  the  decomposing-tank,  which  contains  lime,  where  it 
is  thoroughly  agitated  with  steam.  The  liquor  flows  from  this  tank  to  the 
auxiliary  column,  similar  to  the  first  one,  where  the  little  ammonia  found  is 
driven  out.  The  spent  liquor  collects  in  the  lower  compartment,  from  which 
it  constantly  flows  away.  Lunge  states  that  an  apparatus  to  distil  from 


eight  to  ten  tons  of  ammoniacal  liquor  daily  occupies  a  space  of  seventeen 
feet  by  thirteen  feet  by  ten  feet. 

The  sulphate  of  ammonia  as  it  is  fished  from  the  saturators  is  allowed 
to  drain,  sometimes  slightly  washed  with  water,  and  sold  without  drying. 

HE.   Products. 

Under  this  head  will  be  considered  the  more  important  products  that 
are  obtained  by  the  subsequent  treatment  of  the  main  fractions  of  the  dis- 
tillation process  as  indicated  on  previous  pages. 

1.  FIRST  LIGHT  OIL  is  the  fraction  distilling  at  a  temperature  up  to 
170°  C.  It  includes  a  small  percentage  of  ammonia-liquor  which  is  mechani- 
cally contained  in  the  tar,  and  is  separated  from  the  tar  oils  by  being  al- 
lowed to  stand  and  settle  out  when  it  is  drawn  oif.  The  specific  gravity  of 
the  fraction  is  about  .975,  and  is  made  up  of  benzene,  toluene,  and  higher 
homologues,  with  phenol,  cresol,  naphthalene,  etc.  The  products  obtained 
from  it  are  separated  by  redistilling  the  whole  fraction  in  a  small  still  of 
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the  same  jreneral  type  as  the  large  tar-still.     The  separate  distillates  are  gen- 
eral lv  as  follo\\-  : 

>  l.njht  nil  ,,r  t,»  170°  yidda 

(a)  To  110° ....  "90  per  cent,  benzol." 

(6)  110°  to  140° 1." 

(e)  140°  to  170° U.-i.t 


The   fraction    obtained   up  to  11<>     i-  chemically  ua-hed,  I-  ! 

With  Sulphuric  acid  of   l.s|  ~p,  ,-iti«-  gravity  in  tin-  proportion  ,,|    ,,n.    p.-und 
jallou   of  <»il,  which   combim-  \\itli    the  bases,  di--ol\  •-    n  -in-,  etc. 
The  agitation  i-  carried  out  in  ra.-t-in  >n  or  lead-lined  \\  .....  I*  n  tank- 

red  to  prevent  !••--  of  tin-  volatile  bodies,  and  pro\id'd  with  mechanical 
mean-  fur  mixing.      Tin-  i-  completed   in   ten  «>r  fifteen  minute-,  \\hen  the 
\\hole  is  allowed  to  stand  at  rest  for  an  hour  or  inure,  and  then  the  .-j 
arid    i-  rumplrtely  reinuved.     The  oil   is  now  tlmruii^lilv    ua-h^l    f..ur 
ii\e  time-   with  \\ater,  until  no  color  is  imparted   tu  the    WBflhllttS,   \\hieh 
shuuld  have  Imt  a  -liLiht   arid    reaetiun.      .  \-itatinn   U  again  continiiMl,  l»ut 
\\ithaten    per  rent,   can-tie  -uda  solution,  aftcrwaixls  all«>\\,-d    t"   M-pai 
when  the  alkaline  sulntiun  is  remuxcd,  \\hen  the  oil  i-  finally  wa-hed  uith 
water  and  di.-tilled,  either  l»y  mean-  of  tire  or  -tram. 


(d)  "\iinfi/  jit  r  <  'mf.  //M/io/."  —  The  product  coming  owai 

nated  "ninety  per  rent.  Ix-n/ol,"  from  the  tin-t  that  uiiirty  per  rent,  l.y  \.-l- 
uuir  ut'  it  di-til-  hrforr  thr  thrnuom«-ti-r  rises  above  100°  ('.  A.  II.  Allen 
((  'oinmereial  <  Jr-aiiir  Anal\-k  lM  c<l.,  p.  !>'.')  -tat.  -  :  "A  -j...,d  -ample 
should  not  lieLiin  to  di-til  under  Si)  (  '.,  and  -hoidd  nut  yield  m«»rr  than 
twrntv  tu  thirtv  per  rent,  at  *."»  ,  «.r  mueh  mure  than  niiietv  per  Cent  at 
1000/  It  shun'ld  whully  distil  M..\v  1  L'O  .  .  .  .  The  aetual  pen-,  ntage 
composition  of  a  ninety  per  rent.  U-n/ol  of  U-«MM!  (jnality  i-  aLoiit  -eventv 
pel-  cent.  l)en/.ene,  twenty-four  per  cent,  toluene,  inelndini:  a  little  \ylem-,  and 
four  to  six  per  rent,  of  bisulphide  of  earhun  and  li^ht  DjdrOCtrbODS,  The 
projiortioii  of  real  l»en/.eiie  may  fall  as  l<»w  as  -ixty  «.r  ri-e  as  hi^h  as 
seventy  per  cent.  Ninety  per  fciait  l»eu/ul  should  IM-  five  trom  <.pal«-«-enee 
and  colorless  (^  water  white').  The  sjMvitie  irravity  i-  U-twe.  -u  .ss  and  .888 
at  15.5°  C.  (=00°  F.),  hut  thi-  i-  not  a  true  -uide  a-  to  the  «|iiality,  fn.m  the 

fact  that  bisulphide  ox  carbon  (specific  grayity  l._7)and  lignt  hy«lnK-arl»ons 

(sjKH-ifie  irravity  .86)  sensihly  alleet  the  -peeitie  gravity  «•!'  the  U-u/ul." 

(6)  4k  /*//''//  1»>'  <''nt.  />'<//:"/"  is  a  product  of  the  fraction  Iniilin^  tV«.m 
110°  (\  up  t«»  140°  C.,  and  is  subjected  to  the  same  treatment  a-  the  previ- 
ous one.  The  speeilie  gravity  of  this  hen/ol  varie-  from  .SU7  to  .S72  in 
the  Scotch,  to  .878  to  M  iu"  the  Ku-li-h.  -ample-.  N  nearly  free  from 
bisulphide  of  carbon,  and  contain-  little  hydrocarbons,  \\hile  the  per  rent, 
of  toluene  and  xylene  are  greater  than  in  the  ninety  per  »•«  ut.  b«  n/ol. 

The  beii/oU  as  such  are  not  employed  in  the  arts  to  a  very  irreat  extent, 
but  when  nifnif*  //,  and  reduce<l  by  iron  turning  i-  prodi; 

which  enters  largely  in  the  manufacture  of  many  of  the  artificial  coloring 
matters. 

(c)  Solvent  N<rjt/ifli(t  —  so  called  from  the  use  to  which  it  is  put,—  dissolv- 
ing caoutchouc  in  the  manufacture  uf  water-proof  material-,  etc.,  —  full<.\\- 
the  benzols,  boiling  over  1  1<>\  and  con-i-t-  of  xylene,  p-etidocum.  lie,  and 
mesityleue.  In  some  work-  the  di-tillation  of  this  fraction  is  not  driven  to 
the  end,  but  stopped  when  the  product  yields  ninety  per  cent,  at  150°,  the 
residue  being  distilled  a-  A'//-///////  nopntka  with  a  sjxvitic  gravity  of  .90. 
Lunge  states:  "From  die  product  distilled  up  to  140°  may  be  extracted 
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sixty  or  seventy  per  cent,  of  fifty  per  cent,  benzol,  twenty  to  twenty-five 
per  cent,  of  carburetting  and  solvent  naphtha,  five  to  eight  per  cent,  of 
burning  naphtha.  The  product  distilled  between  140°  and  170°  yields 
twenty-five  to  fifty  per  cent,  best  naphtha,  fifty  to  twenty-five  per  cent, 
burning  naphtha,  and  twenty-five  per  cent,  residue  in  the  still." 

FIG.  110. 


The 


separation  of  the  preceding  into  benzene,  toluene,  xylene,  etc.,  for  the  use 
of  the  color  manufacturer,  is  not  ordinarily  carried  out  in  the  tar-distillery, 
but  at  the  color- works,  in  especially  constructed  column  stills.  The  appear- 
ance of  such  a  benzene  rectification  still  is  shown  in  Fig.  110.  For  details 
of  construction  of  such  a  column  still  see  Chapter  VI.  p.  214. 

The  following  table  (Lunge,  "  Coal-Tar  and  Ammonia,"  2d  ed.,  p.  476) 
shows  the  yield-  in  percentage  volumes  of  the  products  from  the  light  tar 
oils: 
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Initial 
boillof 
potato 

°C. 

M 

* 

°C. 
100. 

°C. 

uo 

°c. 

I.- 

°C. 
110. 

iaa! 

149. 

£ 

£. 

11  Ninety  per  ccir 
Fifty  per  cent  benzol 
Toluol 

°c. 

82 
88 
100 

M 

66 
18 

90 
64 

74 
M 

90 
90 

Carburettin^  imphtha  . 

IMS 

1 

86 

71 

84 

97 

Sohfllt   IIMptlthil      .      .       . 

110 

17 

67 

71 

90 

Burning  iiujilitlui  .    .    . 

138 

80 

71  ft 

N 

•J.  Mini. i. K  OIL.— Thi-  constitutes  tin-  si-eund  main  fraction  in  tli 
distillation  proec.-.,  and  is  collected  |>,  t\\« •« -n  17<)  and  •_':;»  <  ..  \  i,  ldm_r  IIJM.H 
further  treatment  two  Very  important  and  valuable  prudm-t- :  liquid  and 
solid  raroulif  </<•///  and  mtji/it/Hi/,  //< ,  both  of  which  find  their  widest  applit-i- 
tion  in  the  artificial-color  iudn-try,  although  large  (jtiantiti.-  an-  emplovid 
fur  many  other  purposes. 

\\'liilc  this  i'ractiun  iscuinin^  over  fnun  th«-  -till,  nu  <-uld  \\atcr  i>  allu\\.  d 
to  run  into  the  oondensing-tank,  fur  the  n  ax.n  that  a  ndnrtinn  nf  t«-n. 
tnrc  to  the  point  at  which  solid  naphthalene  \\onld  form  in  the  condenser  w 
to  be  avoided;  a  steam-pipe  is  gent-rally  1«  d  into  the  tank,  and  the  \\at.r 
brought  to  50°  or  60°,  thereby  Keeping  « i -ystallizable  matter  in  a  fluid  con- 
dition and  continually  flowing. 

This  distillate  is  allo\ve<l  to  l>eeoine  e«»ld,  when  nearly  all  of  the  naph- 
thalene separates  in  leaflets,  which  are  drained  and  pres-ed  to  expel  tin- 
remaining  portions  of  the  non-crystallizable  oil,  which  is  the  source  of 
the  carbolic  acid. 

(a)  Carbolic  Acid — The  above  oils  are  thoroughly  mix^l  with  a  solu- 
tion of  caustic  soda  (specific  gravity  1.26)  in  a  tank  provided  with  mechan- 
ical agitators,  or  with  means  for  forcing  air  through  the  liquid-.  The 
mixing  is  performed  at  a  temperature  of  from  40°  to  50°,  and  is  com- 
pleted in  one  to  one  and  a  half  hours,  when,  after  .-tandiiiLi  to  allow  tin- 
alkaline  liquors  to  subside,  they  are  drawn  off'  and  cautiously  decompo>«-d 
by  adding  sulphuric  acid  till  the  liquor  has  an  acid  reaction,  when  it  i-  at 
oiice  removed  to  avoid  the  crystals  of  sodium  sulphate  forming  in  the  tank  ; 
the  carbolic  acid  is  allowed  to  stand  fora  lew  day-  in  order  that  any  -odium 
sulphate  solution  remaiuin.ir  may  separate  out,  when  it  i>  wa.-ln-d  with  water 
and  finally  distilled  in  small  retort-,  yielding,  in  tin-  tir-t  fraction, //v/,'. 
oil ;  in  the  second,  o-//.sW//:^/yA  o/7,  man  which  i-  obtained  the  ' 
hol'n-  acid  of  commerce  ;  and  in  the  third  traction,  the  non-cryx/r *///:< iM<- 
y>//o/o/x,  or  /i<jiti<f  <-(ir/x>/i<-  acid. 

That  part  <»f  the  mother-liquor  from  the  naphthalene  which  is  not  act.  d 
upon  bv  the  caustic  Soda  solution  added  to  nm«.\e  the  pln-nol>  i-  returned 
to  the  main  middle-oil  fraction  and  a-ain  iv-\\,.rk<  d. 

Carbolic  Acid,  or  Phenol,  C6H6O  (orC6H6OI  I ). — All  compounds  contain- 
in  «r  the  group  OH  in  place  of  one  or  more  of  thr  hydrogen  atoms  of  IM-H- 
/<•!).•  ((  \-\\,-}  or  its  hoinoloM-nr-.  an-  de-i-nated  /  Qubotic  toid  has 

a  very  peculiar  and  characteristic  odor,  burning  taste,  is  poisonous,  and  has 
preservative  properties  ;  the  odor,  huwever.  i-  nut  so  pronounced  in  pure  as 
in  impure  specimens.  The  s|>eciti.  -ravity  at  0°  is  1.084,  crystallizes  in 
colorless  rhombic  u«dl.  -  which  melt  at  r_VJJ,  l>oiling  at  180°,  and  is 
not  decomposed  upon  distillation.  At  ordinary  temperature  it  dissolves  in 


FIG.  111. 
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water  with  difficulty  (1  : 15),  but  is  soluble  in  alcohol,  ether,  glacial  acetic 
acid,  and  glycerine  in  all  proportions.  Upon  exposure  to  light  and  air  it 
deliquesces,  and  acquires  a  pinkish  color.  The  most  extensive  use  made  of 
it  is  as  a  raw  material  in  the  manufacture  of  many  of  the  artificial  color- 
ing matters, — picric  acid,  used  as  a  yellow  dye,  and  which  finds  considerable 
application  in  the  manufacture  of  a  number  of  high  explosives.  Large 
quantities  of  various  qualities  of  carbolic  acid  are  consumed  annually  for 
antiseptic  purposes,  both  for  domestic  use  and  in  surgery. 

(b)  Naphthalene. — The  crude  crystals  which  were  obtained  when  the 
middle-oil  fraction  was  allowed  to  cool,  and  also  from  the  treatment  by  dis- 
tillation of  the  unchanged  oil  from  the  carbolic  acid  separation,  are  purified 
by  fusing  and  mixing  thoroughly  with  caustic  alkali,  if  impure,  followed  by 
a  washing  with  hot  water,  and  afterwards  with  sulphuric  acid ;  if  the  naph- 
thalene operated  upon  is  of  a  better  quality,  the  alkaline  treatment  may  be 
dispensed  with,  and  the  refining  commenced  with  the  acid,  which  is  of  1.453 
specific  gravity ;  Lunge  states,  however,  that  this  is  too  weak,  and  recom- 
mends an  acid  of  1.70  specific  gravity,  1.84  specific  gravity  being  still 
better.  The  amount  of  acid  used  varies  from  five  to  ten  per  cent. ;  the 
mixing  being  performed  in  lead-lined  tanks,  after  which  it  is  washed  with 

water  several  times,  and  to  remove 
the  remaining  traces  of  acid  weak 
caustic  liquor  is  used.  The  naph- 
thalene thus  purified  is  sublimed  in 
barrels  hung  over  melting-pots  suita- 
bly mounted,  or  in  frame  or  brick 
chambers  connected  by  proper  open- 
ings with  an  iron  melting-pan,  the 
general  construction  of  which  is 
shown  in  Fig.  111.  The  best 
naphthalene  is  produced  by  distil- 
lation from  stills,  which  are  made 
shallow,  with  a  very  high  dome.  Larger  quantities  are  handled  by  this 
method  than  by  subliming. 

Naphthalene,  C10H8,  is  one  of  the  principal  constituents  of  coal-tar,  occur- 
ring in  it  in  various  proportions  from  five  to  ten  per  cent. ;  it  is  also  formed 
when  the  vapors  of  organic  substances  are  passed  through  tubes  heated  to 
redness.  The  specific  gravity  of  naphthalene  when  solid  is  1.158,  at  its 
melting  point  (79.2°)  it  is  0.978  ;  it  boils  at  216.6°  C.  The  odor  is  pleasant, 
though  characteristic ;  volatilizes  to  some  extent  at  ordinary  temperature, 
but  readily  in  the  vapor  of  boiling  water.  Crystallizes  in  large,  silvery-bril- 
liant, thin  rhombic  plates,  which  are  faintly  soluble  in  hot,  but  insoluble  in 
cold,  water,  though  easily  in  methyl  and  ethyl  alcohols,  chloroform,  ether, 
benzene,  etc.  The  commercially  sublimed  napthalene  contains  from  seventy 
to  ninety-nine  per  cent.  Industrially,  it  is  employed  in  the  manufacture  of 
a  large  series  of  coloring  matters  ;  as  an  enricher  ("carburetter")  of  illumi- 
nating gas ;  and  when  specially  refined,  as  a  substitute  for  ordinary  cam- 
phor in  preventing  the  ravages  of  insects,  etc.,  in  woollen  goods. 

3.  CREOSOTE  OIL,  OR  HEAVY  OIL,  constitutes  the  third  main  fraction, 
and  is  generally  collected  from  230°  to  270°  C.,  or  until  it  is  noticed  that 
solid  matters  begin  to  crystallize,  which  indicates  that  the  anthracene  is  com- 
mencing to  distil.  In  order  to  prevent  any  cresols  from  contaminating  the 
phenol  and  naphthalene  of  the  previous  fraction,  that  fraction  is  not  driven 


to  com  pi  <  ten.  —  ,   which    preclude-^   tin-   JIM—  iliiliiy   of  an\    •,!'  the   h- 
PM  —  ini:  «»ver.        \nv  naphthalene  contained    in   ihi-   fra«ti<>n    i-  ive,,\  <n  d   by 
cr\Malli/in-    :iinl    pn  —  in-,  the    n-idiial    nil    imt    IM-MI-    -iihj.  ••  t«  d    to    further 
treatment  i-  emplMyed  diivetly. 

Tin-   nil    ha-  M  -n-eiii-li-\ellM\N   ,-.,|M|-,  an.  I    i-  v«  rv  tluo,e-c.-nt,  \\hieh    in- 
creases in  intensity  iipmi   eXpOSQN   l«»   li-ht    and    air.       1  iy  trail-milted    i 
it   i-  dark  n-<l,  and   l»\    n  Meet,  d    li-ht    tin-  api-  -    b"tt  le-^rei-n. 

odor  is  unpleasant  Mini  extremely  characteristic.     It  i  r  than  \\. 

the  hi-t   portion  c..min-    fn.iu    (hi-   -till    bein<j   M-    hi'_rli  in  HO  IV  88 

1.1U.        ('n-nsntc    nil     IIM-     I".[|     t'mind     !«•    miitain     HMj.hthal.il..    Miithra< 
plu-nanthn-nr,  phnml,  civ-...!,  rt.-.,  \\ith  many  nth.-r  Innlio  Imt  little  Un«.\\n. 


It    linds    it-   \\idr-t   appliratinn   in   th<-  rrin^itin;/  or 
a  liinitc-1  rxtmt,  it    lias   hrcn  cinpinyed 


i,  tn  a  liinitc-1  rxtmt,  it    lias   hrcn  cinpnyed  as  a  l'in-1.  an«l   i'«r   tin- 
pi-.Klnctinn   nf    illinninatin^  gas,  aoftc-nin^   hanl    pit<-h,  as  a  lnl»ri<ani, 

lamp-black  pnMlnrtimi,  etc, 

The  priMvss  uf  iiiipivLMiMtiiu;  timlx-r  with  mal-tar  niU,  \\ith  tin-  \  i. 

5n-s»Tvin_u-  it  a-ain-t  d.vay,  dates  1'mni  L838,  \\hen  a  patent  \\M-  ^ranti-*!  t«> 
ohn  liethell.  This  prmrcss  consists  essentially  of  exIiaiMinji  the  ah.  ady 
seasoned  timber  of  air  and  nmistnre  in  a  vaeunin  !iiaintaiin-«l  l>y  means  of 
an  air-pnmj);  \\hen  the  exhanstinn  is  enmplete.  the  tar  nil  i-  allnwt-d  to 
enter  the  vessel,  when  it  is  at  nnee  al>snrl)c<|  l»y  the  jmn-s  of  the  wood. 
Various  processes  have  been  surest  e«l  I'mm  time  to  time,  l>ut  thox-  whieh 
liave  given  the  most  complete  >ati-taetioii  are  nearly  all  l»a-eil  upon  tie 
above  Illeiitioneil.  S.  B.  Hoiilton'-  process  i-  -nited  to  the  tivatim-nt  ••!'  raw 
timher,  and  is  similar  in  some  re>pe«-t>  to  Hettiel!'-  ;  the  vaennin  is  Con- 
tinued after  the  creosote  oil  (having  l»«-en  previously  heated  t«>  I»M)°  C.)  has 
(.-ntered  the  ve>sel,  t  he  (»il  penetrating  the  jxuvsot'the  wo<.d  ven  tlmronnlily. 

4.  ANTHKA*  I:NK  OIL.  —  The  fraction  distilling  from  -J7n    (  '.  and 
emi-ists  ol'  that    portion  of  the  tar  which   is   iiKide   up  of  bodies   JM—  <—  inur 
the  highest  boiling  ])oints,  and  is  distinguished  from  the  heavy  nil  fraction 
by  a  separation!  on  cooling,  of  solid  matters.     In  it  has  Ixvn  found  /<//y//i- 
//////r//r,     methyl~ntiphthcUcne,     ttnthnn;,,,.     ^f,,  mmflin  111,     nut}ii/l-<intlir<' 
jii/n  ni\  rarbazol;  etc.      With  the  exception  of  methyl-naphthalene,  \\hieh  i- 
a  liquid,  all  the  others  are  solids  at  ordinary  temperature,  but  \\hich  i 
high  melting  points. 

The  separation  of  the  crude  anthracene  tn-in  the  di.-tillate  is  acei.m- 
pli-hed  by  cooling  or  ervMalli/ing,  and  pre—  in-.  The  cooling  takes  phice 
in  large,  shallow  iron  pans,  either  -pontaneoiisly  «»r  1>\  r.  -t'ri-.  -ration,  w  h<  n 
the  >emi-solid  mass  is  transl«-rrcd  t«»  ha-  tiller-,  eh  -e»l  at  the  li.wer  •  nd. 
and  ennnccte<l  by  means  of  nipple-  at  the  upper  end  t«.  a  pipe  for  conduct- 
ing «  .....  i  pressed  air.  which  act-  in  driving  the  liquid  «»r  non-solidifying  pnr- 
tioii  out,  and  leaving  the  mass  nearly  dry.  I  Jy  n-in-  tilter-pn  —  e-  inM<  ad 
ot'  the  abovj«,  a  larger  and  better  vield  can  be  obtained  in  a  >lu»rter  time. 
The  ci-ude  MiithrMcenc  is  placed  in  cloth-  and  snhje<  ted  t«.  a  giadlially- 
iner«-a>.ing  pressure  in  a  vertical  Of  Imri/Miital  hydraulic  pre«.  the  plate- 
ot'  which  being  so  con-tructed  as  to  be  heated  by  -teMin,  or  the  whole  press 
may  be  enclosed  in  a  che-t  to  which  steam  can  be  admitted.  Fig.  11- 
illn>trates  the  -eii.-ral  arrangement  of  a  prc—  -nited  t«.  the  purpose.  The 
V  use  ot'  Inat  in  the  pivs-  in-  i-  to  cause  those  botlies  which  have  a  lower 

\  melting  point  than  that  of  the  anthracene  to  be  ea-ily  removed.      The  yield 

of  anthracene  by  bot-pressing  onlv  conn  s  n|>  t<>  Mbout  thirty  to  thirty-two 

per  cent,  of  the  oil   in   winter,  and   thirty-three  to   thirty-.-ix   per  cent,  in 


362     INDUSTRIES  BASED  UPON   DESTRUCTIVE  DISTILLATION. 


FIG.  112. 


summer  (Lunge).  The  pressed  anthracene  is  ground  to  a  fine  powder,  and 
washed  with  solvent  naphtha  (which  removes  the  coal-tar  oils)  in  either  a 
horizontal  or  vertical  air-tight  boiler,  fitted  with  a 
steam  coil,  and  provided  with  a  mechanical  agitator. 
The  mixing  requires  several  hours  with  gentle  heat, 
when  the  wrhole  is  forced  by  compressed  air  to  a 
closed  filter,  which  separates  the  now  washed  anthra- 
cene from  the  naphtha. 

A  still  purer  anthracene  is  obtained  by  submit- 
ting this  product  to  sublimation  with  the  aid  of 
steam.  For  this  purpose  the  apparatus  shown  in 
Fig.  113  is  employed.  The  anthracene  is  melted 
in  an  iron  pan,  and  over  the  surface  of  the  melted 
mass  superheated  steam  is  blown.  The  anthracene 
vapors  are  carried  by  the  steam  into  a  cooling  cham- 
ber, where  they  are  condensed  by  coming  in  contact 
with  a  spray  of  cold  water. 

The  anthracene  oils  from  the  first  draining  of 
crude  material  are  usually  re-distilled  in  order  that 
the  anthracene  contained  in  them  may  be  recovered. 
Graham's  process  (Chem.  News,  xxxiii.  pp.  99, 168) 
for  this  is  to  distil  about  fifteen  hundred  gallons  of 
the  filtered  oils  from  a  clean  tar-still  until  crystals 
of  anthracene  are  noticed,  when  a  sample  of  the  dis- 
tillate is  allowed  to  cool,  at  which  point  the  operation 
is  stopped,  and  the  residue  in  the  still  is  run  out 
and  alloAved  to  become  cold,  when  the  product  sepa- 
rates out.  This  is  filtered  and  pressed  in  the  manner  above  described  for 
the  first  crystallization. 

The  oils  which  yield  no  more  anthracene  when  subjected  to  further 

treatment  are  added  to  the  creosote  oils,  or  else  employed  to  soften  pitch,  etc. 

Anthracene,  C14H10,  is  found  under  similar  conditions  to  those  giving 

rise  to  naphthalene,  and  was  discovered  in  1832  by  Dumas  and  Laurent, 

while  Fritzsche  was  the  first  to  find  it  in  coal-tar,  in  which  it  occurs  as  a 

FIG.  113. 


characteristic  constituent.  When  pure,  it  crystallizes  in  white,  lustrous, 
rhombic  plates,  which  exhibit  a  beautiful  violet  fluorescence.  Melts  from 
210°  to  213°  C.,  subliming  at  about  the  same  temperature  in  small  scales. 


It    i-   in-oluble   in  inter.  -pai-in-ly  in  alcohol,  \\hile   IM  nzene,  ewt-ntial  oi 
tar  ..il-,  ;ini|    Imt    alcohol  di— ol\e  \:ir\  inj:  <|Uant  itie.-.       Whttl 
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•r,  -parin-jly   in  alcohol,  \\hile    ben/, 
alcohol  OMMOIVV  \aryiiigijiiaiilitiet. 
it  yields  unthru'iiiiit'nn-,  \\hieh  i-  t'urther  treated  in  the  pruoeBBeM  for  ti 
diiction  of  the  valuable  ali/arine  and  other  ,-.,al-lar  CM!,,!-,  and  \\hich  form- 
practically  the  only  ntili/atioii  for  anthracene. 

5.  Pnvil. — l>y  />//<•//  is  under-to,Ml  the  n-idiie  n-mainin-j  in  the  still 
after  nearly  all  the  volatile  eoii-tituent-  ha\e  IH-CII  driven  oil'.  Formerly, 
uhat  remained  in  the  -till  after  the  li-ht  oiU  \\eiv  di.-tilled  wa-  <~allcd 
f/x/j/m//,  and  was  ci|iiivaleiit  to  about  eighty  (MM*  cent,  of  the  tar,  eoii^tjuently 
it  contained  those  constituent.-  mentioned  in  the  middle  nil  and  m-osoti-  nil 
fractions,  with  the  anthracene.  Thi-  method  of  t'ractionatioii.  h 
not  followed,  but  the  distillation  i-  generally  Carried  to  that  point  when  the 
distillate  -hows  a  specific  gravity  of  [.09,  when  -oft  pitch  will  n-ult.  1: 
the  distillation  i^  carried  further,  or  until  it  ha-  a  -peeilie  gravity  of  1 . 1  •_'. 
hard  pitch  is  obtained.  I  n  -oine  cases  the  di-t illation  i-  pu-hed  a-  far  a- 
the  -till  will  stand  with  safety,  in  which  ea-e  no  more  volatile  luNlie-  remain 
and  a  coke  virtually  remain-.  As  a  rule,  a  moderately  hard  pitch  i-  made, 
which  is  run  into  casks  or  barrel-  directly  from  the  -till. 

The  utilixation  of  the  pitch  is  carried  out  in  several  ways  :  in  the  manu- 
facture of  iHitt-nt  /i"/  (ftriifiii  //Vx)  when  incorporated  with  coal-dust  or  ooke- 
refuse.  Tin's  indu-try  ha-  but  little,  if  any,  importance  in  the  Tinted  States, 
but  is  quite  extensive  in  Kurope.  Briquettes  contain  from  five  to  eight  per 
cent,  of  pitch,  according  to  the  amount  of  pn— niv  employed  in  their  manu- 
facture. Good  grades  have  ten  per  cent,  more  heating  effect  than  ordinary 
steam  coals,  are  more  cleanly  and  economical. 

The  pitch  mixed  with  creosote  oil  to  the  consistency  of  paint  is  much 
employed  as  such  on  iron-  and  wood-work  where  a  black  mating  is  d«  -ir- 
able;  various  other  substances  are  used  as  solvents  and  softeners,  notably 
carbon  bisulphide,  which  has  given  excellent  results.  In  -treet- paving,  the 
employment  of  the  pitch  has  superseded  the  use  of  the  natural  asphalt  to 
advantage.  Considerable  quantities  are  annually  con-umed  in  the  manu- 
facture of  roofing-paper,  etc. 

IV.  Analytical  Methods  and  Tests. 

1.  VALUATION  OF  TAR  SAMPLES. — Practically,  the  most  efficient 
method  to  follow  for  the  determination  of  the  value  of  tar  -amples  is  to 
distil  twenty  or  thirty  gallons  from  a  small  still,  in  the  sum-  manner  and 
Under,  as  far  as  possible,  the  same  condition-  a-  i-  practi-ed  in  the  distilla- 
tion of  tar  on  a  large  scale.  The  products  are  weighed  and  mea-un-d. 
When  a  small  still  is  not  accessible,  recourse  must  be  had.  for  laboratory 
purposes,  to  the  following  method,  which  -iv«  excellent  results  if  carefully 
attended:*  "Two  hundred  and  fifty  cubic  centimetres,  or  ten  ounces  meas- 
ure, of  the  tar  is  placed  in  a  retort  which  it  only  one-third  fill-,  so  as  not 
to  spoil  the  distillate  if  there  is  much  frothing  dnrin«:  distillation.  The 
retort  should  be  supported  on  a  eup-haped  piece  ,,f  oottse  \\ire  -au/e, 
placed  in  an  aperture  in  a  sheet-iron  plate.  Over  the  retort  is  placed  a 
dome,  made  by  removing  the  lx)ttora  from  a  tin  can  or  bottle,  and  cutting 
out  a  piece  of  the  side  to  allow  the  neck  of  the  retort  to  pass  through. 
This  contrivance  confines  the  heat,  and  prevents  die  distillate  or  h«a\  \ 
vapor  from  falling  back."  .  .  .  "The  products  obtained  by  the  distillation 

*  A.  H.  Allen,  Commercial  Organic  Analysis,  2d  ed.,  vol.  ii.  p.  3">7 
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are  :  (1)  Ammoniacal  liquor ;  (2)  total  light  oils ;  (3)  creosote  oil ;  (4)  an- 
thracene oils ;  and  (5)  pitch.  In  obtaining  these  fractions,  the  character  of 
the  distillate  is  amply  sufficient  to  indicate  the  point  at  which  the  receiver 
should  be  changed.  No  thermometer  is  necessary,  nor  any  condensing  ar- 
rangement be  attached  to  the  retort.  The  lamp  being  lighted  (a  powerful 
Bunsen),  the  ammoniacal  liquor  and  naphtha  are  collected  together  in  a 
graduated  cylinder,  which  is  changed  when  a  drop  of  the  distillate — collected 
in  a  test-tube  of  water — begins  to  sink.  After  standing,  to  allow  perfect 
separation  of  the  ammoniacal  liquor  and  light  oils,  the  volume  of  each  is 
observed,  and,  if  desired,  the  strength  of  the  former  can  be  ascertained  in 
the  usual  way  by  distillation  with  lime  and  titration  of  the  distillate.  The 
quantity  of  light  oils  is  too  small  to  allow  of  any  further  fractionation  for 
benzols,  etc. 

"  The  next  fraction  of  the  distillate  consists  of  creosote  oil.  At  first  it 
will  contain  much  naphthalene,  and  will  probably  solidify  in  white  crystals 
on  cooling,  but  afterwards  a  more  fluid  distillate  is  obtained.  At  a  still 
later  stage,  a  drop  of  the  distillate  collected  on  a  cold  steel  spatula  will  be 
found  to  deposit  amorphous  solid  matter  of  a  yellow  or  greenish-yellow 
color,  when  the  receiver  is  again  changed,  the  fraction  measured,  and,  if 
desired,  assayed  for  carbolic  acid  and  naphthalene. 

"  The  next  fraction  of  the  distillate  is  rich  in  anthracene,  and  not  un- 
frequently  condenses  in  the  neck  of  the  retort  as  a  yellow,  waxy  substance, 
which  may  be  melted  out  by  the  local  application  of  a  small  Bunsen  flame. 

"  The  collection  of  anthracene  oil  is  complete  when  no  more  distillate 
can  be  obtained,  and  the  pitch  intumesces  and  gives  off  heavy  yellow  fumes. 
The  distilled  fraction  is  then  measured  and  cooled  thoroughly,  and  the 
resultant  pasty  mass  pressed  between  folds  of  blotting-paper,  weighed,  and 
assayed  for  real  anthracene  by  the  anthraquinone  test.  The  result  is 
calculated  into  crude  anthracene  at  thirty  per  cent.,  a  standard  which  is 
generally  adopted  by  the  manufacturers. 

"  When  the  distillation  for  anthracene  oil  is  complete,  the  retort  may  be 
allowed  to  cool,  and  when  almost  cold  its  body  should  be  plunged  into  cold 
water.  This  produces  a  rapid  surface-cooling  and  shrinking  of  the  pitch 
from  the  glass,  which  may  then  be  broken  away  and  removed  by  gentle 
tapping,  leaving  the  cake  of  pitch  clean  and  ready  for  weighing." 

2.  SPECIAL  TESTS  FOR  TAR  CONSTITUENTS. — (a)  Benzol. — The  follow- 
ing method,  from  Allen,  is  the  most  convenient  for  testing  benzol,  and  is 
reasonably  accurate.  One  hundred  cubic  centimetres  of  the  benzol  to  be 
tested  is  measured  in  an  accurately  graduated  cylinder,  and  poured  thence 
into  a  tubulated  retort,  of  such  a  size  as  to  be  capable  of  retaining  two  hun- 
dred cubic  centimetres,  or  eight  fluidounces,  when  placed  in  the  ordinary 
position  for  distillation.  A  delicate  thermometer  is  fitted  in  the  tubulure 
of  the  retort  by  a  cork,  so  that  it  may  be  vertical  and  the  lower  end  of  'the 
bulb  be  three-eighths  of  an  inch  distance  from  the  bottom  of  the  retort.  The 
neck  of  the  retort  is  then  inserted  into  the  inner  tube  of  a  Liebig's  con- 
denser, and  pushed  down  as  far  as  it  will  go.  The  condenser  should  be  from 
fifteen  to  eighteen  inches  in  length,  and  well  supplied  with  cold  water.  The 
neck  of  the  retort  should  not  project  too  far  into  the  condenser ;  if  neces- 
sary it  should  be  cut  short.  No  cork  or  other  connection  is  necessary  be- 
tween the  retort-neck  and  condenser-tube.  Before  use,  the  tube  of  the  con- 
denser should  be  rinsed  with  a  little  of  the  sample,  and  allowed  to  drain,  or 
some  of  the  benzol  may  be  sprayed  through  it.  The  graduated  cylinder 
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rmployrd  I'm-  mea-urm-  mn  tin-  -ample  jf  n.-xt  plae-d  under  tin-  fart  In  r  .ml 
..t'  the  rondrn-er-tiibr  in  -ueh  a  mani'  •  at.-h  all  the  di-tillate,  \\hile 

allotting  it  to  drop  fivrlx  .  Tin-  ivi.,rt  i-  th.u  h<  atrd  l.\  tin  naked  Maine 
..I'  a  IJun-rii  burner  (whieh  ran  !>••  <•.  >n\  •  ni.-iit  Iv  plan-d  in  a  tin  l.a-in  ••••n- 
tainiiiL!-  -an.  I  or  -a\\dii-t,  in  order  to  absorb  tin-  U-n/nl  in  tlir  .  the 

retort  cracking.  The  tlame  -Imnld  be  -mall.  about  ih,-  -i/e  an.  I  -hapr  «,f  a 
filbert,  and  \\hen  tlir  distillation  of  tlir  U  n/ol  eomnienee-  HUM  IN-  so  regU- 
latrd  that  tin-  eonden^-d  liquid  -hall  tall  rapidly  in  di-tinri  drop-,  n»t  in  a 
trirklr  ..r  a  o.ntimiuiis  Mn-ain. 

NVIirn  thr  distillation  roiiinirnr,-  the  flanir  is  n-jiilat.-d,  ii'  n(«cC88ar}',  and 
tlir  risr  ot'  thr  t  lirnin  »njr|.-r  ran-lnlly  \\at.-h.-d.      Th.-  nioinrnt   i1 
trni|>ri-atnrr  of  85°  (  '.  thr  tlainr  i-  r\  t  i  n-  ni-hr<l.      I-'niir  oi-  livr  mil, 
allowed  for  thr  liipiid  in  thr  mndrn-rr  to  di-ain  into  thr  nira-nrin-j  «-\  lin. 
and  thru  thr  volume  of  thr  di-tillatr  i-  rarrtnlly  n-ad  nil'  ami  recoitlnl.       I 
lamp  is  thru   rrli-ht.-d  and   thr  di-tillation   rontimird   till   thr  thrnnom 
ri>r-  to  100°  C.,  when  thr  gas  i~  turned  nil'  a-  IM-I'IHV,  and  thr  volume  oftbfl 
distillate  read  otV,  altrr  allou  inu  time  f'nr  draina-jr.      Thr  rr-idual   liquid   in 
thr  retort  is  allowed  to  cool,  and  is  then  |  mured,  to  the  la-t  dn.p,  into  the 
measuring  cylinder.      A  detieienev  t'rmn   the  <»nr  hnndrnl  nil.ir  erntini*  • 
originally   taken   will   «i;enrrallv  l>e  nli-«  r\.d.      Thr  ditli  r<  n«  <•   l>rt\\r«-n   tin- 
collective  volume  after  distillation  and   that  of  the  original  >ample  i>  to  be 
adde<l  to  the  measure  oi'  the  distillate  rollrrted  at  radi  trmpn-atiirr.  and  tin- 
corrected  volumes  reported  as  the  "strength"  <>!'  the  hni/nl  rxamin.  -d.      A- 
a  matter  of  tiict,  the  loss  of  volume  by  distillation  is  due  thr  more  to  e\pnl- 


>ioii  of  acetylene,  and  other  gases  than  to  a<  nial  1.—  of  l»en/.nl.  1  jm-r  in 
"Coal-Tar  and  Ammonia"  (lM  edition,  L887)givefl  mnrh  praetic-al  informa- 
tion bearing  upon  this  subject,  \\hich,  in  matters  relating  to  the  production 
and  sale  of  benzols,  etc.,  in  Euro]*-,  lias  rr.vivcd  considerable  attention. 

(b)  Phenols.  —  The  detection  of  phenol  is  in  many  cases  of  <••  .n-ider- 
ablc  importance,  and  several  reactions  have  bem  pn.jMi-.  .1  ;  the  following 
are  taken  from  Allen,  who  has  personally  verified  them.  I'pmi  adding  a 
drop  of  a  dilute  aqueous  solution  of  phenol  to  a  small  ijnantity  of  a  solu- 
tion made  up  of  one  gram  me  of  molybdic  acid  in  ten  cubic  centimetres  sul- 
phuric acid,  a  yellow-Drown  coloration  is  produced  which  changee  t-»  a  per- 
manent purple  tint.  Many  substances  interfere  with  this  reaction  owing  to 
the  t-iet  that  it  depends  upon  the  reduction  of  the  molybdic  arid. 

Ferric  chloride  gives  a  tin;1  violet  color,  by  which  one  part  of  phenol  is 
detected  in  three  thousand  of  water.  lie-nrcin  and  hydroquinooe  ni\e  ^\m- 
ilar  reactions.  Sodium  chloride,  nitre,  or  boric  arid  are  unobjectionable,  but 
most  mineral  ami  organic  acid-,  acetate-,  borax,  sodium  phosphate.  -1\  ••.  -rine. 
alcohol,  and  ether,  hinder  the  reaction.  If  an  aqueous  solution  ,,('  phmol 
is  warme<l  with  amnmnic  hvolrate  and  a  -olntion  of  smlium  bypochloill 
permanent  deep-blue  cnlnr  is  obtained,  which  is  turned  red  upon  addition 
acids.  One  ]iart  of  phenol  in  live  thoiisuid  of  water  will  n  a«  t  if  tu.ntv 
cubic  centimetre-  are  ii-ed,  weaker  solution-  al-o.  alter  a  time.  A  moilili- 
cation  of  the  above  is  to  add  to  fifty  cubic  rnitimrtrr-  of  the  phenol  snlu- 
tion  five  cubic  centimetiv-  dilute  ammonia,  and  then  -lowly,  fre-h  and 
dilute  bromine-water,  when  a  tine  bine  tint  i-  produced  which  is  jH-rmancnt. 
Bromine  vapors  will  an-\\er  in-trad  of  bromine-water. 

If  to  a  solution  of  phenol  a  drop  of  aniline  IM>  added,  and  then  a  solu- 
tion of  sodium  hypoehlorite,  yellow  stria?  are  produced  which  change  to 
blue.  This  is  very  delicate. 
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Upon  the  gradual  addition  of  bromine  to  a  solution  of  phenol  a  white 
turbidity  (mono-brom-phenol,  C6H4BrOH)  is  formed.  If  the  solution  is 
dilute  no  precipitate  occurs,  but  upon  the  addition  of  more  bromine,  di- 
brom-phenol  (C6H3B2OH)  is  formed ;  upon  further  addition  of  bromine  a 
very  bulky  precipitate  is  produced,  which  is  separated  as  the  insoluble  and 
characteristic  tri-brom-phenol  (C6H2Br3OH).  This  determination  of  phenol 
was  first  suggested  by  Landolt,  though  brought  to  perfection  and  used  as 
a  volumetric  method  by  Koppeschaar  (Z.  a.  Chemie,  xvi.  233). 

For  the  assay  of  carbolic  acid  the  specific  gravity  is  always  noted,  which 
ranges  between  1.04  and  1.065;  the  lower  figure  indicates  a  suspicious 
sample,  and  represents  light  tar  oils.  Water  is  estimated  by  agitating  the 
sample  with  half  its  volume  of  a  saturated  solution  of  salt,  the  loss  of 
volume  indicates  the  amount  of  water  originally  present.  To  ascertain  the 
quality  of  crude  carbolic  acid  and  probable  yield  of  crystallized  phenol,  the 
following  method  of  Lowe  (Allen,  Commercial  Organic  Analysis,  vol.  ii. 
p.  546)  is  used :  One  hundred  cubic  centimetres  are  distilled,  and  the  dis- 
tillate collected  in  graduated  tubes.  Water  first  distils,  and  is  followed  by 
an  oily  fluid  ;  this  is  allowed  to  stand,  when  the  volume  of  water  is  read  off.' 
If  the  oily  liquid  floats  on  the  water,  it  contains  light  oil  of  tar.  It  should 
be  heavier  than  water,  in  which  case  it  may  be  regarded  as  hydrated  acid 
containing  about  fifty  per  cent,  of  real  carbolic  acid.  The  next  portion  of 
the  distillate  consists  of  anhydrous  acid,  and  when  it  measures  62.5  per  cent, 
the  receiver  is  again  changed.  The  residue  in  the  retort  consists  wholly  of 
cresylic  acid  and  still  higher  homologues  of  carbolic  acid.  The  62.5  per 
cent,  of  anhydrous  acid  contains  variable  proportions  of  carbolic  and  cresylic 
acid.  These  may  be  approximately  determined  by  ascertaining  the  solidi- 
fying point,  which  should  be  between  15.5°  and  24°  C.,  and  by  making, 
with  known  proportions  of  carbolic  and  cresylic  acids,  a  standard  sample 
that  will  have  the  same  solidifying  point. 

(c)  Naphthalene. — The  assay  of  this  substance  generally  consists  in  sub- 
mitting about  twenty-five  grammes,  wrapped  in  several  folds  of  filter  or 
bibulous  paper,  to  pressure  in  a  copying-press  until  the  exudation  of  any 
oil  ceases,  when  the  cake  is  again  weighed,  and  if  desirable,  distilled  from 
a  small  retort.      Good  samples  should  not  distil  below  210°,  and  should 
yield  ninety  per  cent,  of  distillate  before  the  temperature  exceeds  225°  C. 
Upon  warming  sublimed  naphthalene  with  pure  sulphuric  acid  in  a  test- 
tube,  the  solution  should  remain  colorless.     If  one  per  cent,  of  impurity  is 
present,  a  decided  pinkish  tint  is  observed,  which  is  darker  the  greater  the 
amount.     The  determination  of  the  specific  gravity,  the  melting  point  (79° 
C.),  and  the  boiling  point  (216°  to  218°  C.)  are  made  by  the  usual  methods. 

(d)  Creosote  Oils. — The  characteristics  of  this  fraction  were  previously 
indicated.     The  specific  gravity  is  determined  either  by  the  bottle  or  hy- 
drometer ;  in  cases  where  the  sample  contains  much  naphthalene,  the  specific 
gravity  bottle  is  filled  and  the  contents  allowed  to  become  solid,  when  the 
stopper  is  worked  in.     A  sample  should  become  quite  clear  upon  warming 
to  about  38°  C.,  and  ought  not  become  turbid  till  cooled  to  32°  C.     The 
liquefying  point  is  determined  by  transferring  a  sample  of  the  oil  to  a  test- 
tube  immersing  a  thermometer,  and  warming  gently  till  it  becomes  liquid. 
The  point  of  turbidity  is  similarly  observed,  by  allowing  the  tube  to  cool 
spontaneously.     For  the  determination  of  the  naphthalene,  one  hundred 
grammes  are  chilled  to  45°  C.  in  a  small  beaker,  when  it  is  transferred  to  a 
cloth  filter,  placed  in  a  funnel  provided  with  means  for  cooling  to  4.5°  dur- 
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in-  filtration.  The  lilt.  -r  and  content.-,  are  ivnii.vi-d  and  ijuirUlv  pPOflBod 
between  bibulous  paper  in  a  «-.,|,\  injr-preflB,  \vln-n  tin-  cake  i-  piv—  ed  ami 

weighed. 

(c)  Ant/inn-,,,,.-  -<  'oimnereial  a  n  t  h  racene  contains  a  very  variable  per- 

eeiita-e  of  real  aiithracrn,-,  the  u-iial  pn  >p<  ,rt  i<  .n~  IM-JH-J-  from  thiru  i«  f«.rtv 
per  cent.,  though  formerls  lifi«  <  n  p<  -r  «•«  in.  was  ooiniii<>ii.  and  special  l"t- 
m  i\v  as.-ay  over  richly  per  cent.  The  value  of  anllii'a«  •  n«  do«--  not  entinlv 
depend  upon  the  amount  of  real  anthracene  alom-,  but  al-o  upon  the  freedom 

from  objectionable  impuritie-..      In  te-tin-j;  for  i><ir<im,,>  .  ten  grammes  of  the 

samle  are  taken    and  treated   \\ith    t\\o    hundred       rainim  -  •  •!  '«  "ii-  •  nt  rated 


snlphni'ie  arid,  ln-ati-d  «'ii  a  \\:itiT-l>atli  l<»r  alxuit  tm  ininuto,  <>r  until  the 
anthraeein  is  dissolved,  \\heii  an\  jut  i-ntlin>  \\ill  rin-  to  the  .-urtiiee  in  «»ilv 
globules.  The  solution  i-  n«>\\  |n>ure<l  cant  i)  iii-l\  into  a  tall  !••  ntain- 

111-    tl\'e    hundred     elll»ie    eelit  illlet  1'es  nf    \\ater,   -tirred,   and    etMtlcd,    \vhell    the 

|>ara!line  risr^  and    solidifies   <>n   the   -urt'aee  ;    it  i>  \\a-hed  \vitli  \\ater.ilriiil 

between  filter-paper,  and  \\ei^hed. 

1>\  the  conversion  <>!'  anthnicene  into  (tiitlirinjninom  the  me,-t  >;iti-t'aeinr\' 
method  ot'  assivin^;  is  obtainetl.  (See  A  lien,  (  'nnmieivial  <  )r-janie  .\nal\-i-, 
vol.  ii.  pp.  .».">(>,  .)."•!.)  (  )ne  ni'ainnie  <  »t  the  caret  ullv-saniphHl  -peciinen  i-  placed 
in  a  tla-k  holding  li\'e  hundred  eiihie  eeiitnnetres,  lMrt\'-li\  e  eiihic  eeiitn 
ot'  the  very  strong  -t  glacial  aeetie  aeid  i-  added,  and  an  in\ 
long  glass  tnhe  a«lapted  to  the  flask.  The  liquid  i-  then  l»r<.u-lit  t<.  the  Iniiling 
point,  and,  while  boiling,  the  chromic  aeid  -olntion  i-  addeil  t«>  it  gradnallv, 
drop  bv  drop,  by  means  of*  a  tapped  funnel  passing  through  the  india-ruljlM-r 
stopju-r  in  the  !la-k,  or  in-erted  in  the  top  ot'  the  vertical  OOodenMT.  The 
chromic  acid  sol  nt  ion  is  prepared  by  dissolving  fifteen  graiume*  «»t'  erystalli/.c<l 
chromic  anhvdride  in  t<Mi  eiiliie  centimetre-  of  \\ater  and  ten  nf  glaeial  acetic 
aeid.  The  addition  of  the  oxidizing  agent  should  oeeiipy  t\\<>  hi»ur-,  and 
the  contents  of  the  flask  should  be  kept  in  conMant  ebullition  for  t\\o  h<»ui*s 
longer.  The  flask  is  then  left  for  twelve  hour-,  \\hen  the  contents  -hould 
be  diluted  with  four  hundred  cubic  centimetre-  of  cold  water,  and  allowed 
to  rest  for  three  hours  longer.  The  precipitated  anthra<|ninonc  i-  filtered 
off,  and  well  washed  on  the  filter  with  cold  water,  and  with  a  boiling  one 
per  cent,  solution  of  caustic  soda  and  a^ain  with  water.  '1  he  anthraojUinone 
is  rinsed  from  the  filter  into  a  small  dish,  the  \\ater  evaporated  off,  the 
residue  dried  at  100°  C1.,  and  weighed.  The  follo\\in-  aftcr-tivatim-nt  i- 
now  universally  employed  :  to  the  weighed  residue  ten  time-  it-  \\ei-ht  of 
fuminu:  sulphuric  acid  is  added,  and  the  whole  heat^l  to  loo  (  '.  on  a  water- 
hath  for  ten  minutes,  alter  which  it  is  left  in  a  damp  plae,-  f.»r  t\\el\e  hours 
to  absorb  water,  when  two  hundred  cubic  centimetres  of  \\  at«-r  an-  addetl  ;  the 
precipitated  anthraquinone  filt«'red  oil',  \\ashed  with  \\ater,  and  then  with 
one  hundred  cubic  centimetres  of  a  one  per  <••  nt.  lx»iling  solution  of  can-tie 
soda,  and  finallv  with  boiliiiL:  \\ater,  transferreil  to  a  di-h,  any  \\ater  KeiiiLr 
evaporated  oil',  and  the  whole  dried  at  100°  C.  and  \\.i_died.  The  \\  «  i-ht 
of  the  anthracjuinonc  multiplied  by  the  factor,  .856,  giv«  al  anthra- 

cene in  the  weight  of  the  sample. 

Ant/ii'tti;  ,,,•  in  Tin-  "/of  rUrh.  —  Nieol  (/.  a.  ('hemie.  \iv.  p.  318J  treats 
twenty  grammes  in  a  small  retort,  receiving  the  vap«»r<  in  a  I"  tuU-  kept  at 
200°  C.  The  more  volatile  product-  do  not  .  ..nden-e,  but  the  anthracene 
and  other  hvdrocarhou-  d...  \\'hen  CMkini:  lia<  taken  place,  the  process  is 
stopped,  and  the  neck  cur  oil',  pounded,  and  the  powder  added  to  t  lie  dis- 
tillate. The  whole  is  then  di>.-«»lved  in  glacial  acetic  aeid  and  subjected  to 
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oxidation  with  chromic  acid  as  above  described.  Watson  Smith  does  not 
recommend  the  use  of  such  a  small  quantity  (twenty  grammes) ;  he  employs 
a  similar  method,  but  operates  upon,  at  least,  a  litre,  rejecting  the  portion 
distilling  just  before  the  coking.  The  anthracene  oil  is  well  mixed  and  an 
aliquot  part  employed. 

(/)  Pitch. — The  uses  to  which  this  residue  is  put  are  such  that  an 
elaborate  method  of  valuation  is  unnecessary,  although  the  method  for 
asphalt  is  applicable.  To  distinguish  between  the  two,  one  gramme  of  the 
sample  is  treated  with  five  cubic  centimetres  of  petroleum-spirit,  and  rapidly 
shaken.  The  mixture  is  filtered,  and  five  to  six  drops  of  the  filtrate  diluted 
to  five  cubic  centimetres  with  petroleum-spirit,  when  a  greenish  fluorescence 
will  be  noticed  in  the  case  of  tar.  Five  cubic  centimetres  of  rectified  spirit 
should  then  be  added,  the  mixture  shaken  and  allowed  to  stand.  The 
upper  layer  will  consist  of  strongly-colored  petroleum-spirit,  while  the 
lower  layer  of  alcohol  will  have  a  golden-yellow  color  if  coal-tar  is  present. 
In  the  case  of  mineral  asphalt,  the  alcohol  is  faintly  straw-yellow  and  often 
colorless. 

3.  VALUATION  OF  AMMONIA-LIQUOR. — Ordinarily,  the  Twaddle  hy- 
drometer is  employed  to  determine  the  strength  of  ammonia-liquor ;  every 
degree  of  the  instrument  is  taken  to  represent  such  an  amount  of  ammonia 
in  the  liquor  so  tested  that  one  gallon  will  require  two  ounces  of  concen- 
trated oil  of  vitriol  to  saturate  it ;  by  this  means  a  liquor  of  5°  Tw.  would 
be  known  as  "  Ten-ounce,"  4°  Tw.  would  be  "  Eight-ounce/'  etc.     These 
results  are  fallacious,  owing  to  the  presence  of  substances  which  cause  a 
false  strength  to  be  indicated. 

The  most  accurate  and  practical  method  consists  in  decomposing  ten 
cubic  centimetres  of  the  gas-liquor  to  be  assayed  in  a  flask  by  means  of  a 
solution  of  caustic  soda,  applying  heat,  and  collecting  the  vapors  of  am- 
monia evolved  in  a  known  quantity  of  normal  sulphuric  acid  contained  in 
another  flask  suitably  connected  ;  the  ammonia  vapors  neutralize  part  of 
this  acid,  and  that  which  remains  uncombined  is  exactly  neutralized  in  the 
presence  of -litmus  solution  with  normal  ammonia,  when  the  percentage  of 
ammonia  is  at  once  determined. 

4.  ANALYSIS  OF  ILLUMINATING  GAS. — The  analysis  of  illuminating 
gas  can  be  most  conveniently  carried  out  for  technical  purposes  with  the 
absorption  apparatus  devised  by  Hempel,  although  there  are  several  other 
forms  in  use  which  give  results  equally,  and  in  some  cases  more,  accurate. 
Hempel  employs,  for  measuring  the  gas  under  examination,  a  cylindrical 
tube,  similar  to  an  ordinary  burette,  graduated  to  one  hundred  cubic  centi- 
metres in  one-fifths,  and  mounted  in  an  iron  base.     This  burette  is  open  at 
the  top,  and  at  the  bottom  by  means  of  a  side-tube.     Another  tube  similar 
to  the  first,  but  without  graduations,  is  used  as  a  "  level-tube,"  and  is  con- 
nected to  the  burette  by  a  caoutchouc  tube  of  sufficient  length  that  the 
level-tube  can  be  raised  to  the  height  of  the  former  without  inconvenience. 
There  are  also  used  pipettes,  the  ordinary  form  of  which  consists  of  two 
glass   bulbs,   connected    by  means  of  capillary  tubes,  and  fastened  to  a 
board  provided  with  openings  to  accommodate  the  bulbs,  and  mounted  upon 
a  foot.     From  one  of  the  bulbs  a  siphon-shaped  tube  extends,  which  pro- 
jects a  short  distance  beyond  the  stand,  and  to  which  is  attached  a  caout- 
chouc tube  connecting  it  with  the  top  of  the  burette.     The  pipettes  contain 
the  several  liquids  and  solid  reagents  necessary  to  absorb  the  constituents 
of  the  gas.    Besides  the  simple  form  above  mentioned,  there  is  a  "  tubulated 
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absorption    pip.  tie,"   so   made  a>   to  allow    the   introduction  •  •!'  - 

\\liidi  can  In-  readily  altered    to  a    pipette    f..r   the   jn-m-ratioii    and    retention 

of  «rases,  as  hydrogen   and   carb lio\ide,  h\    the    m.  an-  of  /in--   or  .  aleite 

re-pectivel\  ,  the  acid  required  for  the  lil..  ration  of  the  g88  ln-inj  <  ••ntaiocd 
in  the  -..-,, nd  hull). 

Another  form  i-  the  "coinj>aund  absorption  pipette."  uhi«  h  i-  >\\\\- 
for  containinu-  the  reagent-  n-adil\  d* '•«inp»-  d  np..n  .  \p..-mv  (.,  th,    atino— 
phere,  or  \\  Inch  give  o|]'  no\ioii- 


The  method  of  operating  i-  M  foll..\\-  :  The  |.  \.  1  ml., ,  prevtooaly 

with  \\ater.  i>    raided    until    the  »;as-luirette   i-   completely  lill.d.  \\ln-n    it    i- 

by    means   of   a    caoutchouc    tube    to    the    ••  a-piratin;j-tnh- 
of  the  ua.-,  \\hen  the  level-tnl.e   i*    |o\\rred.  and  the  \\ater  ll,.\\-  .,nt. 
the  _iras  to  take   it-   place   in    the   Limit. •;   ..nc  hundred  ciil.ie  e,-nti- 
metre>  are  obtained,   \\liidi    i-    notieed    by  eau-in^   the    \valer-levd    in  each 

tube  to  coincide  with  the  lOO-cubic-oentimetre  mark  <»n  the  lo\\er  md  of 

the  burette.  The  ab.-orption  of  the  >e\eral  constituent-  take-  place  by  con- 
necting (he  top  of'  the  burette  to  the  end  of  the  >i  p||o||->  ha  |Hi  1  tube 
mentioned,  when  the  level-tube  i>  rai.-«d,  and  the  -a-  i-  !..i..d  from  the 
burette  into  the  bulb  of  the  pipette,  the  ab-orbent  in  which  ha-  be.  n  : 
into  the  M-cMiid  bulb.  When  all  the  nas  has  passed  over,  com pn»or.-  an- 
applied  an<l  the  pipette  detached,  and  very  gently  a-itated  from  two  to  tiv«- 
iiiinutcs,  in  which  time  the  absorption  will  be  complete  ;  the  pijM-tte  is  again 
attached,  the  level-tube  lowered,  when  the  remainder  of  the  pis  i-  dra\\n 
back  to  the  burette,  which  is  rlosed,  the  water-level  in  each  brought  to  co- 
incide, and  the  reading  taken.  The  ditl'erencc  between  thi-  reading  and  the 
original  volume  of  -a-  taken  i-  the  volume  ab-oi-bed.  (  )ne  con-titueut 
aftei-  another  is  in  thi-  \\ay  withdrawn  by  n-iiii:  pi]..tt.-  .•..ntaininir  -ohi- 
tions  having  ailinity  for  the  several  gas  components,  as  indicate<l  U-low: 

Carbon  dioxide  (CO2).          Solution  of  j»ota»i«-  hydratr. 

Kthylt-m-     (C.,H4).]  Hroniin. --\\at.T.     Aft'-r  agitation,  the  free   bromine  vapor  re- 

.  Irnc   (CSH6).  I  inaininix  in  tlu-  i^as  i>  ivniovd  l»y  contact  with  pota&>; 

Untyli-n.'        <     1  dratt-  .-olntion. 

Benzene  vapor  iC6H6).         Fuming  nitric  acid  i-  employed,  and   tin-   nitr.'U-  vap.-r  n-inain- 

ing  i>  I-.MII..\  ed  1>\  agitation  in  the  p<>ta--ir  hydmtr  pip«'ti«-. 
_cen  (O).  An  alkaline  solution  »t'  pyro^all"!.  or  e<.pper  and  aininonia,  or 

pli'-phorus  and  \vat«T.  i  an  DQ  n-rd. 

Carbon  monoxide  (CO).       A  solution  of  euproii-  «-liloride  in  liydr..,-hlori.   ari.l  or  anuiioiiia. 
n    ( H).  1  Ke-idue.  unal»orl>ed.     Constituent-  d.'tennin.-d  l.y  e.-nil-n-tion, 

(CHjV  [•  mixing  the  iv-idual   n'as  with   air,  and  passing  the   mixture 

ovi-r  palladium  spot 
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STATISTICS. 

1.  OF  COAL  CARBONIZED  IN  GAS- MA  KING. — Lunge  (Coal-Tar  and  Am- 
monia, 2d  ed.,  pp.  12  and  13)  gives  several  estimates  of  the  amount  of  coal 
distilled  for  gas-making  in  Great  Britain  and  Ireland,  varying  from  nine 
million  to  twelve  million  tons  per  annum.     The  annual  distillation  for  the 
same  purpose  in  Germany  is  given  at  two  million  tons.     For  the  United 
States,  no  estimates  of  the  coal  used  in  gas-making  can  be  found. 

2.  OF  COAL,  CARBONIZED  IN  COKE-OVENS. — According  to  "Mineral 
Resources  of  the  United  States"  for  1888,  the  quantity  of  coke  produced 
in  the  United  States  for  that  year  was  8,540,030  short  tons,  distributed  as 
follows  :  Pennsylvania,  6,545,779  tons ;  West  Virginia,  531,762  tons ;  Ala- 
bama, 508,511  tons;    Tennessee,  385,693  tons;    Colorado,  179,682  tons; 
Virginia,  149,199  tons;  all  other  States,  239,404  tons.     This  total  product 
was  worth  $12,445,963  at  the  coke-ovens,  and  required  for  carbonization 
12,945,350  tons  of  coal. 

3.  OF  COAL-TAR  PRODUCTION. — Gallois*  gives  the  following  as  the 
production  of  gas-tar  in  some  of  the  principal  European  countries  for  the 
year  1883  : 

Number  of  gas-works.  Coal-tar  produced. 

Great  Britain 452  450,000  tons. 

Germany 481  85,000     " 

France 601  75,000     « 

Belgium 50,000     " 

Holland 15,000     " 

Total 675,000     " 

Other  estimates  of  the  production  of  coal-tar  in  Great  Britain  and  Ire- 
land as  quoted  by  Lunge  vary  from  450,000  tons  to  750,000  tons.  That 
of  Mr.  Wilton,  of  the  Beckton  Tar-works,  putting  the  quantity  of  tar  dis- 
tilled in  1885  at  120,000,000  gallons,  averaging  twelve  pounds,  or  about 
643,000  tons,  would  seem  to  be  near  the  mean  of  these  estimates. 

The  same  author,  f  from  information  gathered  by  himself,  puts  the  pro- 
duction of  coal-tar  for  1886  in  Holland  at  20,000  to  22,000  tons,  in  Bel- 
gium at  about  30,000  tons,  and  in  the  United  States  at  120,000  tons,  of 
which  some  60,000  tons  are  distilled,  37,000  tons  are  employed  for  manu- 
facturing roofing-paper,  roof-coating,  etc.,  and  some  23,000  tons  are  used  up 
in  the  raw  state. 

4.  OF  COAL-TAR   DISTILLATION    PRODUCTS. — The   estimate  of  Mr. 


*  Lunge,  Coal-Tar  and  Ammonia,  2d  ^d.,  p.  13.  f  Ibid.,  p.  15. 
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Wilton  <>!'  tin-  <-u;il-t:ir  pnnlnrt  i<>n  of  tin-  l'nit.<l    Kingdom  for   1885  above 

(jiiot,  .1  in.-Imli".  tin-  I'.. Mowing  additional  d«  tail-  : 


Aniiii"ni:i.-:il   li.jil.ir  from   tar  :il.>nO  .      3,600,000 gallon*  : 

mlf) 600,000 

Creosote  oil .21,600,000 

liis,  there  wa>  li<|iii.l  creosote  .  10,800,000 
of  i hi-,  tin-re  wi-ru  creosote  salts 

(muli-  n:iplitli:ili-iif,  ctf.)  .    .    .         66,620  tons. 
Corramondiog  to  pure   naphtha- 
lene             26,310    " 

Greent.il 20,400,000  gulL-ns. 

i  and  toluol 1,500,000     . " 

S.lvrnt  n:i|ihthu G20,OOO       «' 

Anthr:irrn«-  i  pun-) 8,420  tons. 

1'itrh 396,000     " 


1200  tons  of  sulphate. 


The  prodnrtion  of  benzol  and  toluol  in  (Jivat  I'.ritain  is  also  given  by 
S-hnltx  (( 'linnie  des  Steinkohlentheers,  2te  Ant.,  i.  p.  68)  as  follows:    1 
gas-tar,  7,880  000  litres  (2,080,320  gallons) ;  from  coke-tar,  1,150,000  litns 
(303,600  gallons). 

5.  PRODUCTION  OF  SULPHATE  OF  AMMONIA. — The  production  t  r 
Great  Britain  and  Ireland  i n IK -h  exceeds  that  of  all  other  countries  combined. 
For  the  last  five  years  it  has  been  :* 


1886. 

luIIS. 

1887. 
Tons. 

1888. 
Tons. 

UM, 

Tons. 

1880. 
Ton*. 

Production  —  England,     Scotland, 
and  Ireland       

106,500 

113,700 

122,800 

132,000 

140000 

Deliveries  and  exports—  Germany, 
Denmark,  Sweden,  Russia,  etc. 
Deliveries    and  exports  —  France, 
Sp'iin   and  Italy      . 

34,000 
16,000 

33,000 
21,000 

32,000 
19,000 

32,000 
18,000 

31,000 
17,000 

Deliveries  and  exports  —  Belgium 
and  Holland                     .... 

19,000 

16,000 

18,000 

20,000 

23,000 

Deliveries  and  exports—  America 
and  colonies  

10,000 

11,500 

14,000 

17,000 

19,000 

Home  consumption,   for    agricul- 
tural and  chemical  purposes  .    . 
Stocks  at  works    

25,500 
2,000 

30,400 
1,800 

31,300 
8,500 

40,000 
5,000 

44,000 
6,000 

Total  

106,600 

113,700 

122,800 

182,000 

140,000 

Lunge  states  (Coal-Tar  and  Ammonia,  iM  «!.,  p.  b'b'7)  that  Germany 
produces  about  10,000  tons  of  sulphate  of  ammonia  per  annum,  France 
prod  noes  about  12,500  tons,  Holland  and  Belgium  about  3,000  tons,  and 
the  United  States  about  11,000  tons  per  annum. 


*  Soc.  of  Chera.  Ind.  Journ.,  1891,  p.  78. 
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CHAPTER   XII. 

THE   ARTIFICIAL   COLORING   MATTERS. 

I.   Raw  Materials. 

1.  HYDROCARBONS. — Benzene  Series. — In  the  manufacture  of  the  arti- 
ficial coloring  matters,  the  hydrocarbons  which  find  application  as  raw 
materials  are  limited  mainly  to  benzene,  naphthalene,  and  anthracene,  their 
homologues  and  derivatives ;  of  which,  probably,  benzene  is  the  most  im- 
portant. 

The  benzene  series  is  as  follows : 

Boiling-point.  Specific  gravity. 

Benzene,  C6H6 80.4°  C.  .884  at  15°  C. 

Toluene,  C6H5.CH3 110.3°  C.  .872  «  15°  C. 

f  o-Xylene 142°-143°  C.  

Xylene,  C6H4.(CH3)J  ra-Xylene 139  8°  C.  .866  "  16°  C. 

Ip-Xylene 136°-137°  C.  .862  »  19.5°  C. 

Pseudocumene,  \  n  „   (rff  ,                                            f            169.8°  C.  .853  "  20°  C. 

Mesitylene,         /  ^s-i^sJs \             164.5°  C.  .869"     9.8°  C. 

Durene,  C6H2.(CH3)4.     (Fuses  at  79°-80°  C.) 189°-19l°  C.  ...         .    .    - 

Pentamethylbenzene,  C6H.(CH3)5.     (Fuses  at  53°  C.)  .  230°  C.  

Hexamethylbenzene,  C6(CH3)6.     (Fuses  at  164°  C.)  .    .  264°  C.  

Of  which  only  the  first  three  are  employed  to  any  extent. 

Benzene  has  been  described  in  a  previous  chapter  (see  Tar  Distillation), 
but  for  the  manufacture  of  colors  an  explanation  is  necessary ;  the  name 
benzene,  chemically  speaking,  does  not  refer  to  the  light  fractions  obtained 
from  petroleum,  but  applies  solely  to  the- substance  distilled  from  coal-tar ; 
boiling  at  80.4°  to  81°  C.,  having  a  specific  gravity  of  .899°  at  0°,  with 
the  definite  composition  C6H6.  The  term  benzol,  on  the  other  hand,  is  not 
given  to  a  definite  compound,  but  to  a  mixture  of  benzene  with  variable 
quantities  of  toluene  and  xylene,  with  other  homologues  of  the  same  series. 
The  quantity  of  these  homologous  bodies  contained  have  an  influence  upon 
the  use  to  which  the  aniline  oil  obtained  (by  subsequent  treatment  of  the 
benzol)  can  be  put. 

The  pure  benzene,  free  from  the  high  boiling  homologues,  is  successively 
converted  through  several  processes  to  dimethylaniline,  which  is  the  base  of 
the  valuable  methyl-violets.  For  the  fuchsine  process,  benzol,  seventy-five 
per  cent,  of  which  distils  between  80°  and  100°  C.  (containing  toluene),  is  em- 
ployed, producing  aniline,  seventy-five  per  cent,  of  which  distils  between  180° 
and  190°  C.  High-boiling  benzol,  115°  to  120°  C.,  yields  aniline,  which 
is  the  starting-point  for  the  production  of  the  beautiful  series  of  xylidine 
scarlets ;  the  introduction,  however,  of  pure  xylene  has  served  to  displace 
the  above.  Allen  states  (Commercial  Organic  Analysis,  2d  ed.,  vol.  ii.  p. 
489),  "  Ninety  per  cent,  benzol  is  a  product  of  which  ninety  per  cent,  by 
volume  distils  before  the  thermometer  rises  above  100°  C.  A  good  sample 
should  not  begin  to  distil  under  80°  C.,  and  should  not  yield  more  than 
twenty  to  thirty  per  cent,  at  85°,  or  much  more  than  ninety  per  cent,  at 
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100°  C.     It  should  wholly  di.-iil  below  120°  ('.     An  excessive  distillate— 
r.>/.,  thirty-five  t«.  forty  per  06Ot  ai  .Sf>°  ('. — indicates  a  lai  portion  of 

carbon  bisulphide  <>r  li.u'ht  hydrocarbon-  than  i-  dr.-irabl.  . 

"Tin-     actual     percentage    composition    of    a     iiinctx      |..  !•    ..hi.     IN-II/M!     of 

good  quality  is  about  seventy  ..!'  IM-H/CIIC.  t \\enty-fotir  of  tolm-m-,  including 
a  little  \\lene,  and  four  lo  BU  of  ,-arhon  bisulphide  ami  li-ht   hydn.«  arhons. 
The  proportion  of  real    In-n/rn.-   may   fall    as    low  a-  H\IV  or  i 
scvcnty-tivc  prr  <-cnt.     Ninety  per  <-cut.  U-n/ol  -hoiild  In-  color  less  and  free 
from  opalcscence." 

-  Tut  ii  [„,-,;  i,t.  A, //:o/,  ofh'll  call.-d  :,(i!i()  1,,-n/ol,  is  :i  prodnrt  of  \\hirh 
tiftv  p«-r  cnit.  l»y  volume  di-til-  over  at  a  trmprratnn-  ii«.t  <-x<-«-<-<linjr  100°  C., 

and  fcrty  per  cant  more  Mow  120°.     It  >honld  wholly  distil  IM-IOW  i;K)°." 

"  Thirty  JHT  n-nf.  lun-.nl  is  a  product  of  which  thirty  prr  n-nt.  di-tiU 
below  100°,  about  sixty  per  cent,  more  jKissin^  over  ln-tw.-,  n  ino°  and 
120°.  It  consists  chiefly  of  toluene  and  xylene,  with  .-mall  projH.rtion>  nf 
I-  n/cne,  cumene,  etc." 

The  following  table  from  Schultz  (Steinkohlenthe<-rs)  indie-ates  the  gen- 
eral properties  of  the  three  commercial  hen/ols  above  described  when  sub- 
jeetcd  to  distillation: 


Thirty 
per  cent 

Fifty 
per  cent. 

,1-ty 
percent 

To    8">° 

o 

o 

25 

90°  

2 

4 

70 

(.»:,°  

12 

M 

83 

100°  

30 

60 

90 

105°  

42 

62 

110°  

70 

71 

97 

»    115°  

82 

82 

98 

"    120°  

90 

90 

99 

The  theoretical  quantities  of  commercially  applicable  products  from 
benzol  are : 

For  100  parts,  157.6  parts  nitrobenzol. 
119.2     «     aniline. 


216.3 
165.1 
191.0 


di  nitrobenzol. 
ditnethylaniline. 

dirth\  laniline. 


Toluene,  or  Mrfhii//n  -n-i-nc,  C6H5.CH3,  is  obtained  by  careful  distillation 
of  coal-tar  hen/ols,  and  can  be  obtained  from  the  balsam  of  tolu  and  other 
son  n  vs.  It  is  quite  similar  in  its  properties  to  ben/ene  ;  fluid  at  ordinary 
temperatures,  and  when  pure  boils  between  111°  and  Ill2°  C.  Specific 
gravity  .S82.  It  is  employed  for  the  production  of  nitrotolnene,  toluidiue, 
beii/jchloride,  beu/alchloi-ide,  and  ben/aldehyde,  —  the  base  of  a  valuable 
The  theoretical  yield  of  commercial  products  from 


of  ^reeu  colors. 
toluene  arc  as 


For  100  parts,  148.9  part-  nitmti.luene. 
"      "        "       116.8     "      toluulin.-. 
«'     ««      ««      116.3    "     benzaldehyde. 


Xylene,  or  I)iinrth)/?fi<;i:rne,  C6H4.(CH3)2,  exists  under  similar  conditions 
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to  toluene,  and  is  found  in  coal-tar.  There  are  three  xylenes,  the  ortho-, 
meta-,  and  para-,  the  second  being  most  abundantly  obtained.  Owing  to 
the  slight  difference  between  their  respective  boiling-points,  a  commercial 
separation  by  distillation  is  practically  impossible. 

The  annexed  table  gives  the  nature  and  behavior  of  the  three  isomeric 
hydrocarbons  mentioned. 


Ortho-xylene. 

Meta-xylene. 

Para-xyiene. 

Melting  point             .    .    . 

Fluid. 

Fluid. 

15°  C. 

Boiling-point      
Specific  gravity 

l4l°  to  142°  C. 

139°  C. 
.8668  at  19°  C. 

137.5°  to  138°  C. 
.8621  at  19.5°  C 

^        f  Dilute  nitric  acid 

I|l 

x  ^        Permanganate 
°        [  Chromic  acid   .    . 
Sulphuric  acid  (66°  Be.) 
Sulphuric  acid   (fuming) 
Melting  point  of  the  sul- 
phochloride 

o-Toluic  acid, 
melting  point 
102°  C. 
Phthalic  acid. 
Decomposed. 
Sulphonic  acid. 
Sulphonic  acid. 

52°  C 

m-Toluic  acid,    melt- 
ing point  160°  C. 

V  Isophthalic  acid. 

Two  sulphonic  acids. 
Two  sulphonic  acids. 

(a\  34°  C.,  (b)  liouid. 

p-Toluic  acid, 
melting  point 
178°  C. 

Terephthalic  acid 

No  change. 
Sulphonic  acid. 

26°  C. 

Melting  point  of  the  sul- 
phamide                  .    .    . 

144°  C. 

(a)  137°  C  ,  (b)  96°  C. 

148°  C. 

From  Schultz,  "  Steinkohlentheers." 

Naphthalene  Series. — Naphthalene,  C10H8,  as  a  raw  material,  enters 
largely  into  the  production  of  the  extensive  series  of  azo-coloring  matters, 
and  for  such  use  it  is  converted  into  intermediary  products,  of  which  the 
alpha-  and  beta-naphthols  are  the  most  familiar.  The  occurrence,  proper- 
ties, and  production  of  naphthalene  are  referred  to  on  page  360. 

Methyl-naphthalene,  C10H7CH3. — Two  isomers  exist  in  coal-tar,  and  can 
be  separated  from  that  fraction  of  the  distillate,  boiling  from  220°  to  270°  ; 
at  ordinary  temperatures,  is  a  liquid  boiling  between  240°  and  242°. 
Specific  gravity  1.0287  at  11.5°. 

Dimethyl-naphthalene,  C10H6(CH3)2,  is  found  in  the  fraction  from  tar, 
boiling  between  262°  and  264°,  melting  at  118°. 

Ethyl-naphthalene,  C12H12. — Two  isomers,  «-  and  /?-,  are  known.  a-Ethyl- 
naphthalene,  produced  from  a-brom-naphthalene  and  ethyl-bromide,  and  dis- 
tilled in  vacuum,  boils  from  257°  to  259.5°  C.  /5-Ethyl-naphthalene,  from 
/5-brom-naphthalene,  ethyl-bromide,  and  sodium.  Boils  at  250°  to  251°  C. 

Phenyl-naphthalene,  C10H7.C6H5. — Obtained  by  heating  a  mixture  of  brom- 
benzene  and  naphthalene  with  crushed  pumice-stone  in  a  combustion-tube. 
Diphenyl  and  isonaphthyl  are  at  the  same  time  formed.  The  product  is 
fractionated,  and  the  distillate  passing  over  above  250°  is  purified  by  boil- 
ing slowly  with  petroleum-ether,  and  the  residue  is  similarly  treated  with 
dry  alcohol.  The  phenyl-naphthalene  passes  into  solution,  from  which  it  is 
crystallized  and  sublimed  in  plates,  possessing  a  lustrous  white  color,  with  a 
faint  blue  fluorescent  appearance,  having  the  odor  of  oranges,  and  melting  at 
101°  to  102°  C. 

Anthracene  Series. — Anthracene,  C14H10,  reference  to  which  has  been 
made  in  the  previous  chapter,  is  employed  for  the  production  of  alizarine 
and  allied  bodies,  the  successful  introduction  of  which  caused  a  revolution 
in  the  processes  of  dyeing,  and  made  useless  for  the  time  great  areas  of  land 
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which  were  devoted  t<»  the  culture  of  madder.      Antliraoene,  as  it  occurs  in 

commerce,  is  rarely  pun-,  hein-j-  made  up  of  a  very  large  numlM-r  «.f  hvdro- 
carhoiis,  -rvrral  of  which   have  nut  Ix-en  iim-ii-ated.      The  following  may 

he  mentioned : 

}l-thiil-dnthracenet  C,.,!!,..,  «•!"-« -ly  resemble- anthracene,     It  dihVr-  tn-m 
that    body  in   having  a   methyl  group  -iih-titiHed    for  an   II  atmn  "! 
the  ben/cue  rings.      It  occurs  in   coal-tar   in   .-mail  <|iiantit \  ,  and    ..\\in-    t,. 
th«-  high  boiling-point,  over  360°  C.,  it  i-  tbimd  in  tin-  auihra- •  '  rys- 

talli/es  in  pale-yellow  leallct-,  melting  al    I'.Hi     tO  'JOO0. 

Phcnyfamthra&ne,  <'JllIl,l,  i-  f'«'rmrd  \\licn  phcnyl-antlii-anul  or  ro-ru- 
IrVu  i-  heated  with  /iiie-dust.  >lijlitly  soluhle  iu  ln»t  alrohol,  ether.  |M-u- 
BCne,  <-arlx»n  hisul|)hide,  and  ehl<»ml'(.!-ni,  and  np«n  <•<.., lin-,  en  -talli/e-  from 
the  alx.ve  solvents  in  yellow  plates,  inehiiiL:  at  \  ~>-J.  to  153  C,  '1  'he  -  -hit  i.  .11- 
have  a  hlue  ihloreseeiice. 

/•'///o/v//*1,  or  Dip/ienylen-methane,  C1SH10,  is  found  in  « <»al-tar,  and  can  U- 
obtained  by  passing  diphenylmethane  through  a  romlm-tion-tulM-  heated  to 
n-dur.-s  ;  it  can  also  he  ohtaincd  by  distillinjr  diphenyleneket.Mi.'  <,\rr  heated 
xine-dust,  or  by  heating  the  same  substance  with  hydroiodie  arid  and  phos- 
phorus from  150°  to  160°.  Very  soluble  in  hot  alcohol,  l,.Ss  in  tin-  cold  ; 
crystallizee  in  colorless  plates  having  a  violet  fluorescence.  Melts  at  113 
boils  at  295°  C. 

r/n-iHinflircne,  C14H10. — This  hydrocarbon  is  isomeric  with  anthracei 
i'onn<l  with  it,  ancl  forms  a  large  part  of,  the  last  traction  of  roal-tar.  Com- 
pared with  anthracene,  the  melting  point  is  considerably  lower,  while  the 
boiling-points  are  somewhat  closer.  It  is  much  more  soluble  in  alcohol, 
by  which  means  a  separation  is  effected;  the  low  melting  point  materially 
a-*istin«r.  ( 'rvstalli/es  in  colorless,  shining  plates,  melting  at  1(M)C  and  Uu'l- 
ing  at  :\\\)\  insoluble  in  water,  but  soluble  in  fifty  parts  of  alcohol  in  the 
eold,  and  in  ten  parts  on  boiling;  easily  soluble  in  ether  and  tanzene.  It 
imparts  a  hlue  fluorescence  when  dissolved.  When  oxidized,  phcnantlm  n- 
•  juinone  is  formal.  Technically,  but  little  use  is  made  of  it,  U'ing  chiefly 
employed  in  the  oil-baths  for  alkali  melts,  heating  autoclaves,  subliming 
phthalic  anhydride,  etc. 

fttforaftfttfie,  (  \5H10,  occurs  in  the  highest  boiling  tar  fractions  ;  . -r \>tal- 
li/rs  in  needles;  melts  at  109°. 

Pseudophenanthrentf  C16H12,  is  found  in  crude  anthracene,  and  crystal- 
li/r-  in  large  glistening  plates,  which  melt  at  115°.     Pyrene,  CWH10,  Rt / 
C18H18,  r///-v.sr//f,  (',,11,,,  and  Picene,  C^H,^  are  bodies  which  «M-« -ur  in   the 
hi^-hrst  fractions  WltO  fluoranthene,  and  c-annot  IK-  ela— ed  as  raw  material-, 
— no  teehnieal  importance  being  attached  to  them. 

•J.  HAL<M;I:N  I>I-:UIVATIVKS. — l'Jnnn  /»'<//:<//<. — The  following  table  of 
the  ha  lop -n  derivatives  of  benzene  indicates  those  whose  con>tituti«>n  i- 
known.  They  are  produced  by  the  action  of  the  halogens  upon  the  hy- 
drocarbons directly,  or  through  the  action  of  the  halogen  compounds  of 
phosphorus  upon  phenols  and  aromatic  alcohols.  Two  classes  an-  produced, 
substitution  and  addition  compounds.  The  former  occurs  under  ordinary 
conditions,  while  the  latter  are  formed  when  the  reaction  takes  place  in 
direct  sunlight.  Of  the  two,  the  substitution  products  are  the  more  stable, 
the  addition  product-  I'M- ing  easily  decomposed. 

The  following  table  gives  the  formula-  of  the  several  halogen  deriva- 
tives of  ben/cue  and  the  boiling-point.-  of  the  more  imj)ortant  of  the  several 
isomeric  compounds  : 


376 


THE  ARTIFICIAL  COLORING  MATTERS. 


Halogen  substitution  products  of  benzene. 

OOOOOCQ 

wwwwww 

Cl  ' 

C12 

ci 

ci 
ci 
ci 

81° 
133° 
179° 
213° 
246° 
276° 
332° 

172° 

208° 
246° 

173° 
218° 
254° 

Br 
Br2 

Br3 
Br4 

Br5 
Br 

154° 

224° 
270° 
329° 

219° 
278° 

219° 

I 

185° 

277° 

2850' 

ij 

.  .  . 

.    .    . 

From  Toluene. — (1)  Benzyl-chloride  (Chlorbenzyl),  C6H5.CH2.C1,  results 
from  the  action  of  hydrochloric  acid  upon  benzyl  alcohol  (GX6H5.CH2.OH), 
or  by  acting  on  boiling  toluene  with  chlorine,  this  method  being  the  one 
most  generally  used  ;  the  product  is  washed  with  water  containing  a  little 
alkali,  when  it  is  freed  from  impurities  by  distillation.  It  is  a  colorless  fluid, 
specific  gravity  1.113,  boils  at  179°,  insoluble  in  water,  but  soluble  in  alco- 
hol and  ether,  and  possesses  an  exceedingly  penetrating  odor,  acting  upon 
the  eyes  and  mucous  membrane  of  the  nose.  Technically,  it  finds  consid- 
erable application  in  the  color  industry. 

(2)  Benzal-chloride  (Benzidene  Dichloride),  C6H5.CH.C12.— Formed  when 
chlorine  acts  upon  boiling  benzyl-chloride,  or  when  phosphorus  penta-chloride 
acts  upon  benzaldehyde.     It  is  a  colorless  liquid,  having  ordinarily  but  little 
odor,  but  upon  the  application  of  heat  gives  off  a  vapor  producing  effects 
similar  to  the  preceding.     Boils  at  206°  to  207° ;  specific  gravity  at  16° 
1.295. 

(3)  Benzo-trichloride,  C6H5.C.C13,  is  obtained  by  acting  with  chlorine 
upon  boiling  toluene  until  no  further  increase  in  weight  takes  place,  when 
it  is  washed  in  water  containing  alkali,  dried,  and  distilled  in  a  vacuum. 
Boils  at  213°  to  214°;  specific  gravity  1.38  at  14°.     It  has  a  penetrating 
odor,  and  is  highly  refractive. 

Bromine  Derivatives  of  Xylene. — These  are  obtained  when  bromine  is 
allowed  to  act  upon  the  hydrocarbon  or  its  isomers,  or  upon  brominated 
compounds  of  the  same,  with  or  without  the  presence  of  iodine.  They 
find  no  application  industrially. 

Halogen  Derivatives  of  Naphthalene. — (1)  Naphthalene  Dichloride, 
C10H8C12,  is  a  liquid,  easily  decomposed  ;  produced  as  an  addition  compound 
by  the  action  of  chlorine  gas  upon  naphthalene. 

(2)  Naphthalene  Tetrachloride,  C10H8.C14. — This  substance  is  manufac- 
tured in  large  quantities  by  passing  chlorine  gas  through  the  melted  hydro- 
carbon in  a  suitable  apparatus,  or  by  grinding  the  naphthalene  to  a  paste 
with  water  and  intimately  kneading  therein  sodium  or  potassium  chlorate, 
moulding  into  balls,  and  drying,  after  which  they  are  immersed  in  concen- 
trated hydrochloric  acid.     It  crystallizes  from  chloroform  in  large  rhom- 
bohedra,  melting  at  182°,  and  when  boiled  with  nitric  acid  is  converted  into 
phthalic  acid,  which  is  the  chief  product  obtained  from  it. 

(3)  a-Brom-naphthalene,  C10H7.Br. — Formed  by  the  direct  bromination 
of  the  hydrocarbon,  or  by  the  substitution  of  bromine  for  the  amido  group 
in  brom-a-naphthylamine.     It  is  a  liquid,  boiling  at  277°  ;  specific  gravity 
1.503  at  12°.     Insoluble  in  water,  soluble  in  alcohol  and  ether. 

(4)  p-Naphthyl-chloride,  C10H7.CH2C1,  is  formed  when  chlorine  acts  upon 
/5-methyl-naphthalene  at  a  temperature  of  240°  to  250°.     Melts  at  47°, 
boils  at  168°. 
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.  <     II.  <  II  I'.r.  —  Fonm-d  \\li.-n   tin- 

bromine  with    ('()_.    ua-    i-    brought     in    ,  -..111:11  -t    \\iili    (;-ni,  -il,\  l-naj»|ith:il. 
heated    l«»   'J  IU  ".      CiyStallixea    from   alenhol    in   white   plat.-,  \\hich   melt    at 

Aiit/u'in-t  n>      I>>  rWOfact.  —  (  1  )    M'innr/,/i,,'-ti,tt/tl'tH'iii.,     <   ull,.<  '1.  —  \\'h«  n 

didder-anthracene  i-  heated  hydrochloric  arid  i-  evolved,  lia\  in-j  the  nn»no- 

chlor  derivative.      S.ilul.lc  in  alcohol,  ether,  rarlM.ii  hi-ulphide,  and  l<«  n/mc. 
(  'r\  -talli/es  in  \e||o\\    medle-,  nielim-  at    1()3°. 

('!)    />i<-li/<>r-<titflir<t<;  //»-.   (,,11^(1.,    i-    pn  .dun  <|    \\lini   autlira.-.  n--    i-   al- 

lowed   t,.    IVHiaill    ill    enlltaet    with   rlllnrilir,   nr    \\lidl    tlic    lllulHH-liliir  <L 

i-  -iinilarly  tivatrd,  l>rin--  inaintain«|  at  a  tnii|>rial  nn-  «.f  Inn  . 
-nliil»h-  in  Ix-n/riir,  Imt  imt  readily  in  alrnlml  nr  .  tin  r.  l-'m-m*  li<aiitifiil 
\rll..\\  ln>tn»u>  nrrdlr>.  \\hirli  inrlt  at  l'!)!)0.  Tn-ati-d  with  Milplinrir  arid 
at  a  1<>\\  temperature,  dielil<»r-antliraeene->nlpli«»nir  arid  OOCQIfl  in  -"luti"H  ; 
tills,  \\hrii  heated,  yields  sulphurous  acid,  Dydrochloric'ackl.  and  the  aii- 
thiaquinone-disul  phonic-  acid,  which  is  the  immediate  l.a-«-  of'  the  artiti<-ial 
ali/arinr. 

(3)  l)ih,'n,n-(inthi'<n','n,-,  (\4HgBr2.  —  ITpon  a^itatin.ir  l.mmine  \\ith  a  so- 
lution of  anthracene  in  carbon  bisulphide  thi-  derivative  i-  tiii-mrd.  Oitli- 
cultly  soluble  in  alcohol,  ether,  and  hen/ene  ;  hot  tolnrn.  or  \\leiu-  an-\\er 
best.  (  'ry.-talli/.es  in  ^old-yellow  needles,  melting  at  ±21°,  and  subliming 
without  decomposition. 

3.  NlTRO-  DERIVATIVES.  —  By  the  action  of  nitric  a<  id  upon  the  hydro- 
carbons nitro-  derivatives  are  obtained,  and   one  of  the   m..-t    important  «t 
these  —  nitrobenzene  —  is   manufactured    in    very    larjrc  ijuantities   I'm-   n-e   in 
the  color  industry. 

(1)  Xifrubi-nzfiu;   <  ',;H5.NO2,  was  discovered   by  M  it-rherlich,  who  ob- 
tained it  by  heating  ben/ene  or  benzoic  acid  with  finning   nitrir  a<  id.      It 
wa-  first  l)rou«;ht   into  trade,  bearing  the  name  "oil  of  mirbane"  (artificial 
oil  of  bitter  almonds),  by  Collas,  and   in   is  17  a   patent  for  its  manufacture 
from  coal-tar  was  granted  to  Mansfield.      It  is  obtained  by  adding  a  cooled 
mixture  of  concentrated  sulphuric  and  nitric  acid  (150  :  100)  to  the  hydro- 
carbon  and  agitating,  taking  care  that  the  temperature  doefl  nnt  -..  al 
50°  C.     After  the  addition  of  the  acid  is  complete,  heat  is  applied,  and  it  i- 
a-ain  agitated.     The  oily  layer  is  removed,  washed  with  dilute  alkali,  di 
and  distilled.      Nitrobenzene,  when  pure,  is  a  pale-yellow  fluid,  .-trongly  re- 
fractive, having  the  odor  of  bitter  almonds,  and  a  sweet,  though  burnim:. 
taste.     Specific  gravity  1.208  at  15°;  boils  at  L'oir  to  207°,  and  when  the 
temperature  is  reduced  it  crystallizes  in  large   needle-,  which    melt  at  -f  3°. 
Nearly    iii-..lul>le    in    water,   though   with   alcohol,   ether,  and    bn»/cne    it    i> 
readily  soluble.      It  is  exceedingly  -table,  and  even  at  a  boiling  temperature 
it    is   not  acted    upon    by  either   bromine  or  chlorine.      It  i>  poisonous,  and, 
arcnrdiug  to  Ko.-coe  and  Sclmrlemmer  (vol.  iii.  pt.  iii.),  "especially  when  the 
vapor  is  inhaled;   it  produecs  a  burning  >ensation  in  the  mouth,  nausea  and 
giddiness,  aUo  cyanosis  of  the   \\\^   an<l    face,  and    in    serious  cases,  which 
frequently  end  fiitally,  .-ymj»toms  of  a  general  depression." 

(2)  Dtnitrobcnzene,  (  ;6H4(NO2)2.—  Three  i-omers  of  this  derivative  exist, 
being  obtained  when  ben/cue    i-   nitrated  with  the  Concentrated  arid-,  as  in 
the  preceding  ca-e,  but    in-tead  of  being  cooled    is   boiled  for  a  short  time, 
when  the  product  is  wa-hed  with  water,  preyed,  di--<.lved  in  alcohol,  from 
which  the  nifta-nitro  body  erystalli/es,  followed  iij>on  -landing  by  the  para- 
nitro  compound.      I'pmi  distilling  the  alcohol  remaining  in   the  mother- 
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liquors  from  the  para-  compound  a  further  yield  of  the  meta-  body  is  ob- 
tained, finally  the  ortho-dinitrobenzene,  which  occurs  in  small  quantity, 
crystallizes,  and  is  purified  by  treatment  with  acetic  acid,  from  which  it  is 
deposited  in  needles,  having  a  melting  point  of  117.9°.  The  para-  com- 
pound occurs  in  monoclinic  needles,  melting  at  172°,  and  subliming.  The 
meta-  compound  finds  technical  application  in  the  production  of  chrysoidine 
and  Bismark  brown,  and  is  manufactured  on  a  large  scale  by  adding  a 
mixture  of  one  hundred  kilos,  nitric  acid  (specific  gravity  1.38)  and  one 
hundred  and  fifty-six  kilos,  sulphuric  acid  (specific  gravity  1.84)  to  one 
hundred  kilos,  of  benzene.  When  the  reaction  is  over,  a  separation  of  the 
acids  (which  can  be  used  again)  from  the  product  occurs ;  commercially,  the 
product  is  washed  with  warm  and  cold  water,  further  purification  being 
unnecessary.  It  crystallizes  in  needles  or  rhombic  tables,  which  melt  at 
89.8°,  boiling  at  297°.  Difficultly  soluble  in  warm  water,  easily  in  ether 
and  alcohol. 

Nitrotoluene. — (1)  Nitrotolwne,  C6H4(NO2)CH3,  occurs  in  three  isomers. 
The  ortho-  derivative  is  a  liquid  boiling  at  223°,  and  at  23.5°  has  a  specific 
gravity  of  1.162.  Does  not  become  solid  at  20°.  The  meta-  derivative 
melts  at  16°,  boils  at  230°  to  231°.  Specific  gravity  at  22°  1.168.  Para- 
nitrotoluene,  melting  point  54°,  distilling  unchanged  at  236°,  occurs  in 
colorless  prisms.  Nitrotoluene,  consisting  more  or  less  of  a  mixture  of  the 
above,  is  manufactured  in  large  quantities  and  in  the  same  manner  as  for 
nitrobenzene.  Ten  parts  of  toluene  are  mixed,  and  continually  agitated 
with  eleven  parts  of  nitric  acid  (specific  gravity  1.22)  and  one  part  sul- 
phuric acid  (specific  gravity  1.33).  The  product  is  treated  with  water,  and 
afterwards  with  caustic  alkali ;  distilled  to  remove  uncombined  toluene,  and 
finally  distilled  with  superheated  steam.  When  fractionated,  that  part  pass- 
ing over  at  230°  yields,  when  purified,  para-nitrotoluene,  and  is  employed 
in  the  production  of  toluidine,  tolidine,  and  fuchsine.  The  fraction  between 
222°  and  223°  is  nearly  all  ortho-nitrotoluene. 

(2)  Dinitrotoluenes,  CgH3(NO2)2.CH3. — a-  or  ordinary  dinitrotoluene  is 
produced  when  toluene  is  added  to  a  mixture  of  fuming  nitric  and  sul- 
phuric acids  and  boiled ;  ortho-nitrotoluene  is  employed  for  the  manufac- 
ture also.  Crystallizes  in  needles,  which  melt  at  70.5°  ;  insoluble  in  water, 
little  soluble  in  alcohol,  ether,  or  carbon  bisulphide.  /3-dinitrotoluene, 
isomeric  with  the  above,  is  produced  under  similar  conditions  ;  or  it  can  be 
made  by  replacing  the  amido  group  of  dinitroparatoluidine  with  hydrogen. 
Crystallizes  in  golden-yellow  needles ;  melting  point  61.5°. 

Trinitrotoluene,  C6H2.(NO2)3CH3. — Produced  by  the  action  of  nitric  and 
sulphuric  acids  upon  toluene,  or  dinotrotoluene,  and  heating  for  several 
days.  a-Trinitrotoluene  is  soluble  in  alcohol,  crystallizing  from  it  in  beau- 
tiful needles,  which  melt  at  82°.  /^-Trinitrotoluene  crystallizes  from  acetone 
in  transparent  prisms,  which  melt  at  112°,  while  from  alcohol  it  forms 
plates  or  flat  white  needles.  ^-Trinitrotoluene  is  deposited  from  acetone  in 
small  hexagonal  crystals,  melting  at  104°. 

Mononitronaphthalene,  C10H7.NO2. — Two  isomers  exist ;  the  «-  compound 
is  produced  when  ten  parts  naphthalene,  eight  parts  nitric  acid  (specific  gravity 
1.4),  and  ten  parts  sulphuric  acid  (specific  gravity  1.84)  are  combined  in  a 
nitrobenzene  apparatus.  The  naphthalene  is  added  in  small  portions  and 
continually  stirred.  The  product  is  washed  with  water,  and  freed  from  acid 
by  treatment  with  alkali.  Insoluble  in  water,  easily  in  benzene,  carbon 
bisulphide,  ether,  and  alcohol.  Crystallizing  in  yellow  needles,  melting  at 
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61°,  boiling  at  304°.     The  ,9-  compound   i-   produced  when  f-nit 
thylamiiic    i-  im-lted  with    nitr;it<-  of  |K>tassa.       S.Iuhle  in  alcohol,  ether. 
glacial  acetic  acid.      <  'ry.-talli/c-  in    \clln\\   needl.--  ;   nn-lt-  at  79°. 

a-Diiiitr(ni<ijtlit/utlene9GJH    \<  '    ...  obtained    in  a  -imilar  manner  to  th.- 
above.      Difficultly  soluble    in    «-.  .Id,  <  -a-ily  in  \\  arm,  IN  -u/..|.       Fn.m    u'lacial 
acetic  acid  it  <-ry.-talli/c-  in  nc,-dle-.  m.  hin-  at  '217°.      ,*-Diiiitn.iiaphlhal. 
teomeric  with  the  above,  Crystallizes  in  rhombic  plan-.-,  in.-ltin-  at    17UC. 

I.  .\\IINE  DERIVATIVE.  —  The  amine  derivatives  of  !>«  n/en.  ,  toluene, 

and  \\leiiecan  he  re^ard.-d  a-  loniiin-  .....  -of  the  most  iinji<  .rtanl  -  • 
raw  mat»-ri:d>  tVuin  \\  hidi  are  obtained  the  /msii-  enlm-ino-  niatn-i'-,  all  of  \\hich 
emitain  niti-nMcn.  The  structure  of  the  amim-  <  an  readily  IM-  -«•<  -n  it'  u<-  <-m- 
j>l..y  ammonia,  NHS,  as  the  type  ;  in  this  case  there  are  three  atom-  .•!'  hydro- 
o-en.  11'  one  of  these  be  replaced  by  an  organic  radical  a  jiriimiri/  ////«//».  i- 
produced  ;  it'  two,  or  all  three  are  rcplac.  --unfurl/  or  /«/•//*//•_//  an 

respectively  is  f'oi-med. 

Ani/iin;  or  Aiiiiitn-hnizfin^  (  16H5.NH2.  —  This  sub-tanee  was  discov- 
by  Unverdorben  in  1826,  who  noticed  its  property  <>t'  combining  \\  ith  a 
to  form  salts.  Rungc,  siil)se<juently,  experimenting  upon  co;d-tar.  found  a 

volatile  substance  which,  when  treated  with  a  .-olution  of  bleaching-powderf 
produeetl  a  blue  coloration,  giving  rise  to  the  name  kyanol.  It  was  he  who 
noticed  that  when  a  drop  of  the  "  nitrate  of  kyanol"  was  brought  in  contact 
with  dried  cupric  chloride,  a  black  spot  was  formed.  Fritsche,  later,  exam- 
ined the  distillation  products  of  indigo,  and  found  a  body  to  which 
the  name  aniline.  Aniline  was  formerly  obtained  in  large  quantities  by  re- 
ducing the  nitrobenzene  with  iron  filings  or  scrapings  and  acetic  acid,  but 
now  it  is  wholly  produced  with  hydrochloric  acid.  The  following  reaction 
showing  the  change  that  occurs  : 

(Nitrobenzene.) 

C6H5.N02  +  3Fe  +  6HC1  = 

(AnilineJ 

C6H5.NH2  +  3FeCl2  +  2H2O. 

The  quantity  of  acid  represented  by  the  above  equation  is  more  than 
sufficient  for  the  purpose,  from  the  fact  that  ferrous  chloride  (FeCl,),  a 
reducing  agent  itself,  will  act  in  the  reduction  of  a  further  quantity  of 
nitrobenzene  : 

C6H5.N02  +  6FeCl2  +  6HC1  = 
C.H8.NHt  +  3Fe2Cl6  +H2O. 

Aniline  is  a  liquid,  fluid  at  ordinary  temperatures,  but  when  frozen  melts 
at  —8°;  boils  at  182°  when  pure;  specific  gravity  1.036  ;  colorless  when 
freshly  distilled,  but  becomes  reddish-brown  upon  expo-lire  to  light  and  air  : 
impurities  hasten  discoloration.  Soluble  in  alcohol,  ether,  ami  hen/cne  in 
all  proportions;  in  water  it  is  soluble  to  a  slight  extent)  one  hundred  part- 
of  water  dissolving  three  parts  aniline,  while  it,  in  turn,  dissolves  water  n« 
the  extent  of  five  per  cent. 

Aniline  forms  a  series  of  well-crystalli/ed  salts,  among  which  are  the 
hiKlrorhlnr'i,]^—  (  '.I  I7.\.(  111I,—  known  as  "aniline  salt,"  laredv  employed 
in  the  production  of  black  upon  cotton  ;  and  the  xnfjilmtt;  —  (  <',  1  1  -  N  ^HjSO^ 
—  of  considerable  importance. 

Tolui<lim\  or  Aini<l,-1nlu,  „<  -,  C6H4(CH3)NH2,  occurs  in  three  isomers, 
according  to  the  extent  to  which  the  nitration  of  the  toluene  was  originally 


380  THE  ARTIFICIAL  COLORING  MATTERS. 

carried  to.  Otho-toluidine  is  produced  by  the  reduction  of  ortho-nitro-toluene, 
by  the  same  means  as  was  applied  in  the  case  of  aniline.  It  is  a  fluid,  color- 
less, at  first,  but  becoming  brown  upon  exposure.  Specific  gravity  1.000  at 
16°,  boiling  point  197°  ;  soluble  to  a  slight  extent  in  water  (2  : 100)  and  in 
alcohol. 

Meta-toluidine,  occurring  similarly  to  the  preceding,  is  a  liquid.  Specific 
gravity  .998,  boiling  at  197°,  little  soluble  in  water,  but  freely  in  alcohol 
and  ether. 

Para-toluidine  is  obtained  in  the  form  of  large  colorless  leaflets,  crystal- 
lizing from  alcohol.  Specific  gravity  1.0017,  melting  point  45°,  and  boil- 
ing at  198°  ;  slightly  soluble  in  water,  readily  in  alcohol  and  ether.  Com- 
mercial toluidine  consists  chiefly  of  a  mixture  of  the  ortho-  and  para-  bodies, 
and  containing  very  little  aniline ;  it  is  of  considerable  importance  in  the 
color  industry. 

Xylidine,  or  Amido-xylene,  C6H3(CH3)2.NH2,  homologous  with  aniline 
and  toluidine,  is  produced  from  xylene,  as  aniline  is  from  benzene, — nitration 
followed  by  reduction.  Six  isomers  are  obtainable,  but  the  xylidine  indus- 
trially employed  consists  of  a  mixture  of  five.  At  ordinary  temperature  it 
is  a  liquid,  specific  gravity  .9184  at  25°,  boiling-point  212°.  From  this  de- 
rivative the  beautiful  series  of  xylidine  scarlets  are  produced. 

Naphthylamine,  C10H7.NH2. — Two  isomers  exist.  For  a-Naphthylamine, 
naphthalene  is  converted  into  the  nitro-  derivative  as  has  been  described,  and 
equal  parts  of  this  body  and  water  are  heated  to  80°,  incorporated  with  an 
equal  part  of  iron  filings,  and  reduced  with  hydrochloric  acid.  The  product 
is  distilled  with  lime,  and  finally  rectified  by  further  distillation.  Nearly 
insoluble  in  water,  soluble  in  alcohol  and  ether ;  crystallizes  in  colorless 
needles  or  prisms,  which  melt  at  50°  and  boil  at  300°.  Upon  contact  with 
the  air  it  acquires  a  red  color,  and  oxidizing  agents  cause  a  blue  precipitate 
to  form  in  solutions  of  its  salts.  It  finds  extensive  application  in  the  prep- 
aration of  several  colors  of  importance.  /5-Naphthylamine  is  produced  when 
gaseous  ammonia  combines  with  /5-naphthol  in  the  fused  state ;  commercially 
it  is  obtained  by  the  action  of  ammonio-chloride  of  calcium,  or  ammonio- 
chloride  of  zinc,  upon  the  same  body,  assisted  by  heat,  and  the  subsequent 
separation  of  by-products.  It  occurs  in  white  or  pearly  leaflets,  odorless, 
difficultly  soluble  in  cold,  freely  in  hot,  water,  and  in  alcohol  and  ether. 
Melting  point  112°,  boiling  at  294°.  Unlike  the  a-naphthylamine,  it  is 
not  acted  upon  by  oxidizing  agents. 

5.  PHENOL  DERIVATIVES. — Phenol,  C6H5OH. — The  occurrence  of  this 
body  has  been  mentioned  under  tar  products,  page  359.  It  crystallizes  in 
needles,  which  have  the  well-known  odor  of  "  carbolic  acid."  Specific  gravity 
1.08,  and  melting  at  37.5°,  boiling  at  132°  to  133°  ;  soluble  in  water  (1  : 15) 
and  readily  in  alkalies,  alcohol,  and  ether.  It  finds  extensive  application  in 
the  color  and  other  industries,  large  quantities  being  consumed  in  the  manu- 
facture of  picric  acid. 

Resortin,  or  Dioxy-benzene,  C6H4(OH)2,  is  obtained  from  benzene  by 
fusing  the  sodium  sulphonate  of  the  latter  with  caustic  soda.  (See  page  387.) 
Occurs  in  sweetish,  colorless  crystals,  which,  however,  eventually  become 
dark  colored,  melting  point  110°,  boiling-point,  271°;  readily  soluble  in 
water,  alcohol,  and  ether.  Specific  gravity  1.28. 

Pyrogallol,  or  Trioxy-benzene,  C6H3(OH)3,  is  readily  obtained  from  gallic 
or  tannic  acid  when  the  same  are  heated  to  210°  to  220°.  It  can  be  obtained 
from  benzene,  but  the  above  method  is  more  generally  adopted.  Processes 
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fi.r  it-  manufacture  aiv  detailed  OD  page  388.      Pyrogallol   «M-.-ur-    in  white 

leaflet-,  \\hidi  melt  at  115°  and  boil  at  210°  ;  soluble  U)  \\ai.-r.  alcohol,  and 

ether. 

\<il,hthni.^  ( ',. ,11.. <  >ii. — Tii,.  t\\o  ckrfoathw  of  naphthalen,.,  a-  and 

,;-naphthol,  fiml  «-\i, n-ive  application  in  the  maniilaetuiv  of  art ili.-ial 
in-  matters.  They  arc  prepared  In. m  tin-  i  \\ , ,  UOBIflrio  naphthalene  Slll- 
phonic  acids,  a  and  ,',  \\hich  an-  di-cn—d  und<  -r  I  V< ..-,--,  -,  page  388. 
'/-Naphtliol  occurs  a-  liMnm-  needle-,  which  inch  at  !•  I  ,  boil  at  L'78°  to 
•jxn  .  sp,M-ific  gravity  l.L'lM;  .-parm-jlv  -.bible  in  hot,  in-olnbl,-  in  ,-,,ld. 
\\atcr;  .-«>lnl>lc  in  alcohol,  ether,  IH'II/CIIC,  and  in  snlutinn  nf  mustic  alka- 

:i|)hth<.l    occurs    in    lcatl«-t-,  nicltin-   at    1  L"_'   .  In-ilii:-   from  21 
2!M)°  ;  solni)ility  same  as  tor  the   pivr,  din-.     Allen   i  (  'oinim -n-ial   Organic 
Analysis,  'Jd  «•<!.,  vol.  ii.  p.  511)i:iv<-  the  t;.ll<,\\  in^  tal.lc  ot'  the  di-tinguiah- 
in-  charactci'i-tics  <»i'  the  t\vo  naphthoU  : 


a-Naphthol. 


i!li/.«->  in  small  monoclinic  needles. 
Mt'-lting  point  94°  ;  boils  ut  L'T.M0  to  280°. 
Faint  <•(!.. r,  ri-cinliliiii;  jiht-nol. 
Volatili/fs  n-julily  \vith  vuj)t>r  <>f  \vatt-r. 
Aqueous     solution     IHTOIIH-    dark    violet. 

clian^ini;    to    reddish-brown    on 

solution  of  bleaching-powder, 
Aqueous   solution   IHTOHICS  red,  and   then 

violt-t.  on  adding  It-rric  chloride. 


Crv-tallix.o.<  in  rhombic  laminae. 
Melting  point  12L'° ;  l,oiis  at  286°  to  290°. 
Aliii-i-t  odorless. 

Scan-.-ly  volatile  with  vapor  of  water. 
AqueotM  ><>liition  c'.lorea  pale  yellow  by 
solution  of  blfut-h ing-powder. 

A«|u»-«»u-  >«.lution  becomes  pale  green  on 

adding  li-rric  chloride. 


6.  SULPHO- ACIDS. — This  group  constitute-  an  interesting  and  techni- 
cally valuable  series  of  bodies,  which  are  obtained  l>y  the  action  <,f  concen- 
trated sulphuric  acid  upon  the  hydrocarbons,  or  upon  coloring  matters 
already  formed. 

(1)  Benzene-xiiljthonn'  Aritl,  C6H5.SO3H,  is  readily  obtained  by  boating 
two  parts  henxene  with  three  parts  sulphuric  acid  to  j()0°  C.,  diluting  with 
water,  saturating  with  carbonate  of  lead,  and  decomposing  with  sulphuric 
acid  t<>  liberate  the  sulphonic  acid.  The  acid  is  soluble  in  water  and  alcohol, 
and  crystallizes  in  small  plates. 

(•J)  />V/,:o/r-</;.xv//y,//o,,/V  Acid,  C6H4(SOSH)2,  is  prod  need  when  l.en/eiie  U 
heated  with  tinning  sulphuric  acid  to  -J7")  .  Kmplnyed  in  the  production 
of  resoi-cin. 

(3)   Totwne^ulphonAC  Acid,  C6H4(CHS)SOSH.~ No  importance. 

(!)  \<ii>hflnil<'n<-xuli>]<nni<'  .lr/r/x.  ( '10H7.SO3H. — '\\\<>  i-oincric  l.odi,  ~ 
are  obtained  when  naphthalene  is  submitted  to  the  action  ot'  .-ulphuric  acid. 
At  temperature-  ranging  from  80°  to  100°  the  '/-<lerivati\  e  i-  largely  ob- 
tained, and  at  temperatures  from  1()0°  to  1  70°  the  ^-derivative  i-  produ««d. 
Their  -eparation  is  bas<xl  upon  the  ditli  ivnt  degrees  of  solubility  of  the 
lead  salts  upon  concentrating  their  aqueous  solutions,  ^-naphthalene  >ul- 
phonic  acid  being  soluble  in  twenty-seven  part-  water,  while  the  ,?-  acid 
requires  one  hundred  and  fifteen  part-. 

(5)  AnthrdiriK'-xii/jtfinnir  .1/vV,  ( ', , I  I9.SO8H,  is  produced  similarly  to 
the  above,  or  by  the  reduction  of  -odium  anthnnjuinone-sulphonate  with 
xinc-dust  and  ammonia. 

Acid,  C6H4(OH)CO3H. — Three  isomers  are  known, 
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two,  the  ortho-  and  para-,  being  produced  by  the  direct  action  of  sulphuric 
acid  upon  phenol,  while  the  meta-  compound  must  be  produced  by  other 
means.  The  ortho-  acid  is  largely  obtained  when  one  part  of  phenol  is 
slowly  mixed  with  one  part  of  sulphuric  acid,  care  being  taken  to  keep  the 
temperature  from  rising.  The  para-  acid  will  be  obtained  if  the  mixture 
be  heated  to  100°.  These  bodies  are  much  employed  as  antiseptics  under 
various  names ;  the  para-  compound,  also,  in  the  production  of  picric 
acid. 

Naphthol-sulphonic  Acids. — The  two  naphthols  are  easily  converted  into 
mono-sulphonic  acids  upon  being  heated  to  100°  C.  with  concentrated  sul- 
phuric acid ;  disulphonic  acids  being  produced  if  the  temperature  reaches 
110°  C.  0-naphthol-sulphonic  acid,  Ci0H6.SO3H.OH.  One  hundred  parts 
of  /5-naphthol  are  added  to  two  hundred  parts  of  sulphuric  acid  (specific 
gravity  1.84)  and  carefully  heated  to  50°  or  60°,  when  two  acids  result, 
ordinary  ft-naphthol-sulphonic  acid  (known  also  as  " Schdjfer's  acid"  or 
"  acid  8")  and  ft-naphthol-a-sulphonic  acid  ("  Bayer's  acid,"  or  "  acid  jB"). 
When  converted  into  their  sodium  salts  they  can  be  separated  by  treatment 
with  alcohol,  in  which  menstruum  the  latter  acid  is  more  soluble  than  the 
former.  They  are  extensively  used  for  the  production  of  the  crocein  scarlets  ; 
and  upon  nitration  yield  other  colors  of  importance.  If  the  mixed  acid  and 
naphthol  is  heated  to  about  20°  C.  Bayer's  acid  will  be  formed,  while  the 
employment  of  a  temperature  about  90°  will  cause  the  formation,  as  the 
chief  product,  of  Schaffer's  acid. 

Disulphonic  Acids  of  0-Naphthol,  C10H5(SO3H)2OH,  are  obtained  when 
the  naphthol  is  subjected  to  a  temperature  of  100°  to  110°  with  three  times 
its  weight  of  sulphuric  acid  (specific  gravity  1.84).  Upon  dilution  milk 
of  lime  is  added,  the  precipitated  calcium  sulphate  filtered  off,  carbonate  of 
soda  added,  and  the  whole  evaporated  to  dryness,  and  lixiviated  with  alcohol, 
when  "salt  G"  (yellow  shade)  is  dissolved  from  "salt  R"  (red  shade). 
Ordinarily,  after  the  addition  of  the  carbonate  of  soda,  the  solution  is  used 
without  further  treatment. 

Anthraquinone-sulphonic  Acid,  C6H4(CO)2C6H3.SO3H,  is  formed  when 
anthraquinone  is  treated  with  fuming  sulphuric  acid  to  1 60°  C.  The  unal- 
tered anthraquinone  is  separated,  the  solution  neutralized  with  soda,  when 
the  white  soda  salt  settles  out.  The  free  acid  occurs  in  yellow  plates,  solu- 
ble in  water  and  in  alcohol.  When  fused  with  either  caustic  soda  or  pot- 
ash alizarin  is  obtained  (when  the  anthraquinone  disulphonic  acid  is  used, 
either  by  itself  or  in  the  melt,  purpurin  is  produced  along  with  alizarin) ; 
anthraquinone-sulphonic  acid  being  employed  directly  for  the  production  of 
this  most  valuable  coloring  matter. 

Naphthylamine-sulphonic  Acids  are  prepared  from  naphthylamine  by 
treatment  with  sulphuric  acid  and  the  application  of  heat.  Several  deriva- 
tives are  produced,  which,  however,  find  limited  application,  mainly  in  some 
patented  specialties. 

Toluidine-sulphonic  Acid,  C6H3.CH3.NH2.SO3H. — Prepared  similarly  to 
the  above.  Technically,  at  present,  of  but  little  importance. 

7.  PYRIDINE  AND  QUINOLINE  BASES. — Pyridine,  C5H5N,  is  regarded 
as  a  benzene  nucleus  (C6H6),  with  one  of  the  CH  groups  replaced  by  an 
atom  of  nitrogen.  It  is  obtained  when  bone  oil  or  other  nitrogen-contain- 
ing organic  bodies  are  distilled.  It  possesses  a  pungent  odor,  is  liquid,  boils 
at  116.7°,  and  is  soluble  in  water;  specific  gravity  .986.  A  large  number 
of  the  pyridine  derivatives  bear  a  relationship  to  the  alkaloids. 
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<  <  '///'//<>////,),<  'JLN,  dill'e  r-  from   p\ridine  in  th:it  naphth. 

is  the    ;.!-•.<     ,11,.  "in-    nitro.ren    atom    n-plaein-..,  a-    I,.  -i;,r.  -.  .  .m  -.  -I'  t  IP    <    II 


on,  up-.      (^ninoline  i-  readily  pivpaivd  |,N   .aivfully  heating    in   a  fla-k    on.- 
dred 


hundred  and  tuenty  gramme-  -l\  m-in.  ,  t  hirt  \  -.-i^dit  grammes  aniline, 
twent\  -four  gramme-  nit  r,  .1  ..  n/cnc  (oxidi/ing  agent),  \\iili  on,  hiindm! 
grammes  concentrated  sulphuric  acid;  when  tin-  na<-n,(|i  b  OVCT,  l>"d  t<»r 
t\\o  or  three  hours,  dilute  \\  ith  \\aler,  and  remove  tin-  urn-handed  nitr..!..n- 
/rnr  with  -train,  -atnratr  \\ith  ran-tir  alkali,  di-til,  add  -ul|.huri«-  a«-id  and 
sodium  nitrite  (  NaN<  >,)  to  d.-tn,v  any  anilin.-  present,  makr  alkalin.-.  an«l 
a-;iin  di.-til.  (^ninolinr  is  a  OOlOrleSB  fluid,  having  a  jM-n.-tratin-j 
hi-liK-  retractive,  heeomin'.:  l>rown  upon  exposure  to  the  air  ;  l.oil-  at  'J;*8°  ; 
Specific  jrravity  l.nJM  at  "JO0. 

f^iiim/ilim-  (>i-M<  •tlii/f-</tiin<>/in<'),  (\ll,,<  I  1.  \.  —  <  )l.tained  liy  the  aetion 
of  hydrochloric  acid  UJM.II  paraldehydc  and  aniline,  for  several  hour-.  \\  ith 
the  aid  of  heat.  It  has  a  faint  odor,  is  fluid,  and  l.oils  at  238°  to  239°. 
Technically  employed,  mainly  for  the  prodnetijn  of  "  <jiimo  line  yellow," 
cyaiiine  blue,  quinoline  red,  etc. 

AcritKne,  C13H9N.  —  Anthracene  is  the  base  from  which  this  derivative 
is  obtained  by  a  substitution  of  a  nitrogen  atom  for  one  of  the  (  'H  groups, 
as  in  the  previous  instances  many  derivative-  of  the  above  bodies  exist, 
which  have  considerable  interest,  but  no  technical  importance  is  attached  to 
them  as  raw  materials. 

8.  DIA/O-  CuMi'orNDs.  —  These  form  the  most  extensive,  and  probably 
the  most  thoroughly  investigated  of  the  several  groups  of  coal-tar  o»loi>. 
They  are  produced  where  nitrous  acid  (obtained  from  starch  and  nitric 
acid)  is  allowed  to  act  upon  the  primary  amines  of  the  aromatic  series,  in 
which  case  the  following  change  is  noted,  assuming  aniline  nitrate  to  be 
acted  upon  : 

C6H5NH2.HNO,  +  HO.NO  =  C6H5N=N.NOS  4-  2H,O. 

(Diazo-benzene  nitrate.) 

Aniline  hydrochloride,  treated  in  the  same  manner,  will  yield  diazo-benzene 
chloride  : 

C6H5.NH2.HC1  +  HO.NO  =  C6H5N=N.C1  +  2H2O. 

The  diazo-  compounds  differ  from  those  of  the  020-  group  in  that  one  of  the 
bonds  of  the  diatomic  nitrogen  group  —  N  =  N  —  is  satisfied  with  an  hydro- 
carbon radicle,  while  in  the  latter  it  is  saturated  with  an  atom  of  01 
nitrogen,  bromine,  chlorine,  etc.,  or  with  an  acid  or  basic  group.      The 
annexed  list  of  diazo-  bodies  illustrates  the  above  : 


.H.N  = 

C\  HN  = 


NCI     ................    Diazo-benzene  chloride. 

..............       "  "        sulphate. 

«  "         bromide. 

.............   Diazo-amido-benzene. 


The  azo-  compounds  have  the  two  nitrogen  atoms  (  —  N  =  N  —  )  united, 
each  to  a  hydrocarbon  group;  mixed  azo-  comjxmnds  result  if  these  hydro- 
carbon groups  are  not  identical. 

(1)  D)<tzn-tn;r.<>ne  Chloride,  C8H5.N2C1,  is  formed  when  nitrite  of  soda 
(NaNO2)  is  added  to  a  solution  of  aniline  chloride  in  the  presence  of  an 
excess  of  hydrochloric  acid,  the  solution  boinir  kept  cool  by  means  of  ice. 
The  product  finds  application  in  the  manufacture  of  aniline  yellow  and 
other  colors. 
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Diazo-amido  Compounds  result  from  the  action  of  salts  of  the  diazo- 
derivatives  upon  the  primary  and  secondary  amines. 

Diazo-amido-benzene,  C6H5.N2.NH.C6H5,  occurs  when  nitrous  acid  is 
passed  through  a  solution  of  aniline  in  alcohol ;  or  by  adding  a  solution  of 
sodium  nitrite  to  a  mixture  of  aniline  hydrochloride  and  aniline.  (  Yystul- 
lizes  in  golden-yellow  prisms  or  scales,  insoluble  in  water,  easily  in  ether, 
benzene,  and  alcohol ;  melting  point  91°,  exploding  at  a  higher  temperature. 

(2)  Diazo-benzene-sulphonic  Add,  C6H4.N2.SO3  (the  anhydride  of  the 
sulphonic  acid  of  diazo-benzene). — Sulphanilic  acid,  C6H4NH2.SO3H,  is  dis- 
solved in  water,  and  sodium  nitrite  added,  when  the  whole  is  poured  into 
dilute  sulphuric  acid,  which  causes  a  precipitation  of  the  crystals. 

9.  AROMATIC  ACIDS  AND  ALDEHYDES. — The  aromatic  acids  form  a 
class  of  bodies  of  considerable  importance,  derived  from  benzenes  by  sub- 
stituting the  carboxyl  group  CO. OH  for  hydrogen.  The  simplest  of  the 
series  is  Benzole  Acid  (Benzene-carboxylic  Acid),  C6H5.CO.OH,  which,  be- 
sides finding  extensive  application  in  medicine,  is  also  used  in  the  color 
manufacture.  It  can  be  prepared  by  a  number  of  methods,  chiefly  by  the 
sublimation  of  gum  benzoin  ;  by  treating  the  urine  of  herbivorous  animals 
with  hydrochloric  acid,  which  causes  the  hippuric  acid  to  break  up,  yield- 
ing the  acid  and  glycocine;  and  from  benzyl-chloride  after  boiling  with 
nitric  acid.  It  crystallizes  in  needles  or  scales,  lustrous,  and  odorless  when 
pure.  Specific  gravity  1.291,  melting  at  121°,  and  boiling  at  249°  ;  solu- 
ble in  alcohol,  ether,  benzene,  etc.,  sparingly  in  water. 

Phthalic  acid  (Benzene-dicarboxylic  Acid),  C6H4.(CO.OH)2. — Three  iso- 
mers  of  the  above  are  known,  but  only  the  ortho-  acid  will  be  considered. 
It  is  obtained  from  naphthalene  tetrachloride  by  heating  with  nitric  acid. 
It  can  also  be  obtained  by  heating  naphthalene  direct  in  the  presence  of 
nitric  acid,  but  this  process  is  not  much  employed.  It  occurs  in  rhombic 
crystals,  specific  gravity  1.585,  and  melting  at  213°  ;  upon  being  heated,  it 
is  liable  to  split  up  into  water  and  the  anhydride ;  soluble  in  hot  Avater, 
alcohol,  and  ether.  When  a  phenol  is  heated  with  the  phthalic  anhydride 
phthalems  result;  of  these,  the  resorcin  and  pyrogallol-phthale'ins  are  the 
most  important,  being  the  basis. of  the  eosins  and  gallems  and  coerulems. 

Gallic  Acid  (Trihydroxybenzoic  Acid),  C6H2(OH)3.CO.OH.— This  acid 
occurs  in  several  vegetable  substances, — chiefly  gallnuts,  sumach,  tea,  etc. 
It  is  ordinarily  prepared  by  heating  gallo-tannic  acid  with  dilute  mineral 
acid,  or  by  allowing  crushed  galls  to  remain  exposed  in  a  moistened  state 
to  the  action  of  the  atmosphere  for  some  time,  when  a  fermentation  takes 
place,  after  which  boiling  with  water  removes  the  gallic  acid.  It  yields 
needle-shaped  crystals,  sometimes  white,  but  mostly  light  brown  in  color. 
Specific  gravity  1.70.  When  heated  to  220°  it  decomposes,  forming  pyro- 
gallol  (Trihydroxybenzene,  C6H3(OH)3)  and  CO2.  Gallic  acid  is  the  chief 
source  of  pyrogallol,  reference  to  the  application  of  which  has  been  made 
under  phthalic  acid. 

Benzaldehyde  (Benzoic  Aldehyde],  C6H5.CO.H. — This  body,  also  known 
as  "  Bitter  Almond  Oil,"  is  a  colorless  liquid,  possessing  an  agreeable  odor, 
and  high  refracting  power.  Specific  gravity  1.063,  boiling  at  180°,  diffi- 
cultly soluble  in  water  (1:300),  easily  in  alcohol  and  ether.  Several 
methods  are  employed  for  the  production  of  this  substance  ;  for  industrial 
purposes,  benzyl-chloride  is  boiled  with  nitrate  of  copper  and  water,  half 
of  the  contents  are  distilled,  when  the  oily  layer  is  separated  from  the  dis- 
tillate and  purified.  Mercuric  oxide  has  been  used  instead  of  the  copper  salt. 
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It  finds  extensive  application  in  tin-  <•..!«, r    indii.-try,  al-»  f'-r    tin-    production 
of  cimiamic  and  bcn/ni«-  acid,  and  .-exvral  «l«-ri\  ati\ .-  «.f  \alm-. 

1().    Ki:r«>M>    \\i-  Ih  i:i\  LTTVEBj  A  \  i  III:A..I  DTONE,      Th«  k.tonesare 

c|..-«-|v  related  to  tin-  aldeh\d«-,  as  will  IM-  -.1  n  In-m  their  -tnieture, — 

<  II    -co—  II,  Aldehydt,  (  II5  — <  <  >  —  (  H,,  Dmdkyl 

Tin-  <  <  >  -mup — carboiivl —  i-  pn-<«---«-d  by  Loth  ela.-.-e.-,  hut   in  the  alde- 
hyde- i-  united,  <>n   the  one   hand   !••  an  almh.,1    radical,  and  "ii  the  ..th.  r  t.. 
an    atom    n|'  h\  dn  M.I-H.      Tin-  krt..n.-,  boW«Ver,  are  di-l  in-  ni-liitl  hy  li 
tun  aleuhnl  radieal-  (alkyl>)  linked  hy  the  <  <  )  ji-ujt. 

/;<  nz»itln-nnif  .  (  ',,'  I  ,-(  (  }.{  ,  I  1  ,  i~  a   k«-1nin-  •,!'  th.    h*  n/.  .  and  -  an 

he  ohtained   hy  distilling  calcium   l>< -n/..ati  .  <>r  hyliratm-  Ix-nxoyl  cliloridt1 
with    ahiininiiin    chloride  and    hen/. -n.  .        It    o.-ruil   in   •  i'\  M:d-   havii. 
ai-ninatie  nd«»r,  and  \\  liieh  melt  at    |S°  to  4!)°,  snhliniin-    at    ;;nn''.      In-nln- 
hle    in  water,  snlnhlc  in  alcohol   and   ether.      It    i-  <>t'  -..me   iui|M»rtan- 
get  her  with  the  ainido-  and  o\y-  derivatives,  in  the   nianiifactiire  nf  c.-rtain 
colors. 

oru  (Phe*^methyHutonc\  C0H4.CO.CHS. — This  is  a  in 
,  and  contains  tw<»   residues  of  ditleivnt   hydrocjirhons  united   to  the 
carhonyl  gn»ii|>.      Aeetnj)liennne  can  he  ohtaine<l    hy  distilling  a  mixtnn •«•!' 
the  ben/oat*-  and  acetate  of  calcium.     It  occurs  in  cr\Mallinr  plate-,  melting 
at  14°  to  15°,  and  boils  at  198°. 

CO 
ArdharaqwinoM,  C6H4</,^>(V,H4. — This  substance  isof  the  utmost  im- 

pnrtanee  in  the  manufacture  of  alizarine.  It  can  he  ohtained  hy -.-vend  pro- 
cesses, the  simplest  of  which  is  prohahly  the  distillation  of  calcium  phthalate, 
or  I iy  oxidi/ing  anthracene  (( 1,,,il8)  with  bichromate  of  potash  and  sulphuric 
acid.  Anthra(|iiiimnc  is  very  stable,  oxidizing  agents  having  but  little 
upon  it.  When  heated  it  sublimes,  yielding  yellowish  rhombic  er\>taU. 
Specific  gravity  1.4'J."),  niching  point  273°;  insoluble  in  water,  but  some- 
what in  alcohol  and  ether.  Upon  fusion  with  caustic  alkalies  it  yield-  lienxoic 
acid.  For  use  in  the  alizarine  process,  it  must  first  be  converted  into  the 
sulphonic  acid,  and  this  fused  with  caustic  alkali,  dissolved  in  water,  and 
the  coloring  matter  precipitated  by  a  mineral  acid,  and  sublimed.  (See 
Processes  of  Manufacture,  p.  389.) 

n.  Processes  of  Manufacture. 

1.  OP  NITROBENZENE  AND  AMI, INK. — The  commercial  production  of 
nitrobcn/.ene  is  carried  out  essentially  in  the  following  manner,  although  the 
details  may  vary  in  the  dilVcivnt  works.  Sulphuric  acid,  i»i;  lie.,  and  nitric 
acid,  42°  Be.  (=  seventy  per  cent.  UNO.,),  are  mixed  together,  in  the  pro- 
portion of  fifteen  parts  by  weight  of  the  former  to  ten  part.-  of  the  latter, 
in  a  lead-lined  wooden  tank  (preferably  situated  above  the  nitrating  appa- 
ratus) and  allowed  to  become  cold.  Three  hundred  pounds  of  this  "  nitrat- 
ing acid"  are  run  into  the  nitrating  apparatu-.  cither  by  gravity  or  by 
pn— urc.  when  the  benzene  is  allowed  to  flow  in  in  a  .-low  -t.-ady  -tivam. 
During  the  admission  of  the  benzene  the  temperature,  which  should  IN- 
maintained  between  S()°(1.  and  !K)°  C.,  is  regulated  by  mean-  of  \\ater 
kept  at  about  50°  C.  circulating  around  the  vessel, or  stopping  the  inflow, 
should  the  temperature  give  indication  of  rising,  thereby  producing  the  di- 
nitro- derivative.  About  one  hundred  pounds  of  ben/eiie  arc  u-.  d,  although 
this  quantity  is  subject  to  change,  according  to  quality.  After  the  nitration 

25 


386 


THE  ARTIFICIAL  COLORING  MATTERS. 


is  finished,  the  contents  of  the  vessel  are  emptied  slowly  into  large  tanks, 
the  acid  layer  being  drawn  off  first,  and  the  nitric  acid  recovered  therefrom, 
and  the  nitrobenzene,  insoluble  in  the  acid,  coming  last,  is  immediately 
poured  into  a  tank  containing  water,  and  washed,  followed  by  a  wash  with 
caustic  alkali,  and  finally  agitated  with  water. 

The  quantities  by  weight  of  the  two  acids  to  effectually  nitrate  either 
benzene,  toluene,  or  xylene,  is  shown  below  : 


100  kilos,  benzene .  . 
100  "  toluene  .  . 
100  "  xvlene  .  . 


.  120  kilos,  nitric  acid. 
.  105      "          "        " 

.    90      "          "        " 


180  kilos,  sulphuric  acid. 
175     "  «  « 

150     "  "  " 


FIG.  114 


Or,  of  a  standard  mixture  of  one   hundred  kilos,  nitric   acid   and  one 
hundred  and  fifty  kilos,  sulphuric   acid,  there  will  be  required  for   the 

effectual  nitration  of  one  hun- 
dred kilos,  of  the  above  tabu- 
lated hydrocarbons  three  hun- 
dred, two  hundred  and  sixty, 
and  two  hundred  and  twenty- 
five  kilos,  respectively.  The 
form  of  nitrating  apparatus 
in  use  is  usually  cylindrical, 
with  a  flat  or  round  bottom. 
Fig.  114  illustrates  the  latter 
form.  The  cover  is  provided 
with  several  openings :  /  is 
for  general  charging ;  e  is 
for  the  gas  exit,  while  pro- 
vision is  made  for  the  intro- 
duction of  the  thermometer, 
and  for  carrying  the  agitator 
shaft.  The  opening  for  with- 
drawing the  charge  is  at  g. 
The  best  plan  in  arranging 
the  plant  is  to  provide  for 
the  acid  mixing  and  nitrating 
on  one  floor,  on  the  floor  be- 
low the  washing,  and,  if  de- 
sirable, a  steam  still  employed 
to  separate  the  benzene  which 
has  not  been  acted  on  by  the 
acids,  and  which  is  always 
found  dissolved  in  the  nitro- 
benzene. On  the  lowest  floor, 
the  alkali  and  final  water- 
wash.  If  all  the  operations 
are  performed  on  one  level,  a 
"monte-jus"  should  be  used 
for  the  transportation  of 
liquids. 

Aniline  ("  Aniline  Oil"  of  commerce). — Aniline  is  obtained  by  the  treat- 
ment of  nitrobenzene  with  iron  filings  or  scrapings  and  hydrochloric  acid. 
The  apparatus  employed  are  generally  of  two  kinds,  vertical  and  horizontal, 
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the   method  of  \\oi-kin._.-    bcin-    in   each   ca-e  the  >um«-.      In  the  t'ormer,  tin- 
agitator  i~  attached  to  an  npri-ht   hollow  -hah.  M       UStlUCted  as  to  p: 
for  the  admi  — ion  of  steam  to  the  bottom  of  the  v.-- el.      The  eo\er  -uj 

earing,    and    ^oo-eiieek    for    leading    the   \ap..r^    to    the   , 

The  hori/ontal  form  i-  >hown  in  \"\^.  \  \ ',  ;  th,  c..n-tnn-tioii  provides  for 
agitator-  attached  to  a  hori/ontal  re- 
volving .-haft  pa  —  in-  through  l»o\,-.  in 
the  heads.  Steam  enters  through  the 
pipes  underneath.  A  -t.-ad\  -upplv  of 
tine  iron  is  maintained  b\  mean-  of  the 
mechanical  feed  mi  the  cover.  The 
operation  is  conducted  by  addin-  sonic 
of  the  iron  film--  \\ith  \\ater,  followed 
by  the  acid  and  nitrobenzene;  steam  i> 
turned  on,  and  the  agitators  set  in 
motion,  at  once  the  reaction  iM^-in-,  and 
a  mixture  of  nitrobcii/eiie,  aniline,  and 
water  appears  in  the  condenser,  which 
i-  continually  returned  to  the  main 
body  in  the  apparatus;  after  the  reac- 
tion has  commenced  and  the  distillate 
comes  over  regularly,  the  iron  can  be 
fed  steadily,  or  at  uniform  intervals. 
If  all  the  iron  is  added  at  once,  serious 
loss  is  occasioned  by  a  reduction  of 
aniline  to  benzene  and  ammonia.  For  a  charge  of  six  hundred  kilos,  of 
nitrobenzene,  about  seven  hundred  kilos,  of  iron  filings  will  be  required  and 
sixty  kilos,  of  21°  Be.  hydrochloric  acid.  The  solubility  of  the  distillate 
in  hydrochloric  acid  is  noted,  until  a  point  is  reached  when  no  nitroben/ene 
separates  in  an  unaltered  condition.  Formerly  it  was  the  -en,  ral  practice 
to  add  lime  to  the  tank,  and  distil  off  the  aniline  by  mean-  of  -team  :  now 
the  contents  are  elliptic!  into  lar«re  tanks  containing  water  and  allowed  to 
subside  for  a  day  or  more,  when  the  lower  layer,  consisting  of  aniline,  i- 
drawn  off  and  pumped  into  a  large  iron  still  mounted  over  an  ojH'ii  tin-  and 
rectified.  One  hundred  parts  nitrobenzene  will  yield  about  seventy-five 
parts  of  aniline  if  the  process  is  carefully  attended.  Ordinarily,  tin  yield 
will  be  seventy-one  to  seventy-four  parts. 

2.  OF  PHENOLS,  NAPHTHOLS,  ETC. — Phenol. — See  Chapter  XI., "  Coal- 
tar  Distillation,"  p.  359. 

AVxo/W//  is  manufactured  commercially  from  the  soda  salt  of  benxnie- 
disulphonic  acid,  by  fusing  with  caustic  soda  and  subsequent  extraction  with 
ether.  One  hundred  kilos,  of  fuming  sulphuric  acid  are  contained  in  a  large 
cast-iron  vessel  provided  with  means  for  agitating  the  contents,  and  into  it 
is  gradually  allowed  to  flow  twenty-ei^ht  kilos,  of  benzene;  the  whole  is 
maintained  at  a  moderate  temperature  for  several  hours,  and  finally  raised 
to  about  270°  C.  to  275°  C.,  after  which  the  contents  are  transferred  to  a 
large  volume  of  water  and  boiled.  Lime  is  added,  the  precipitated  sul- 
phate remove*  1,  and  the  soluble  lime  salt  decomposed  by  the  addition  of  the 
requisite  quantity  of  carbonate  of  soda;  carbonate  of  lime  is  precipitated, 
filtered,  and  the  precipitate  freed  from  the  excess  of  solution  in  the  lilter- 
press.  This  solution  is  evaporated  to  dryness  in  iron  pans.  For  the  re- 
sorcin  melt,  sixty  kilos,  of  the  abo^k  salt  and  one  hundred  and  fifty  kilos. 
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of  76°  caustic  soda  are  fused  together  for  about  eight  hours  at  a  temperature 
near  270°  ;  when  fusion  is  finished  the  melt  is  cooled,  leached  out  with  boil- 
ing water,  and  boiled  with  hydrochloric  acid  for  some  time,  when  the  heat 
is  withdrawn,  and  the  solution  allowed  to  become  cold,  and  subjected  to  the 
action  of  ether  or  benzene  in  an  extraction  apparatus,  which  removes  the  re- 
sorcin.  The  benzene  is  distilled  off  and  recovered,  while  the  crude  resorcin 
remaining  is  dried  at  about  210°.  Pure  resorcin  is  obtained  from  the 
above  by  distillation. 

Pyrogattol. — Several  processes  are  employed  for  the  production  of  this 
substance,  all  being  based  upon  the  use  of  an  aqueous  extract  of  gallnuts 
or  of  gallic  acid.  One  process  is  carried  out  by  heating  a  glycerine  solu- 
tion of  gallic  acid  to  about  200°  C.,  diluting  with  an  equal  volume  of  water, 
and  extracting  therefrom  the  pyrogallol  with  ether,  which  is  evaporated  off 
and  recovered.  Another  process  is  to  heat  one  part  of  gallic  acid  and  two 
parts  water  in  a  closed  vessel  to  200°  to  210°  C.  for  half  an  hour,  cooled, 
and  heated  with  bone-black,  the  solution  filtered,  and  evaporated  to  the 
crystallizing-point.  The  crystals  are  further  purified  by  being  distilled  in  a 
vacuum. 

Alpha-  and  Beta-Naphthols. — a-Xaphthol  is  manufactured  on  a  large  scale 
in  the  same  general  manner  as  resorcin.  a-Xaphthalene-sulphonic  acid  is 
first  prepared  by  heating  naphthalene  with  fuming  sulphuric  acid  to  90°  C., 
diluting  with  water,  and  completely  neutralizing  with  milk  of  lime,  filtering 
from  the  magma  of  sulphate  which  is  passed  through  a  filter-press,  the  solution 
of  the  soluble  lime  salt  decomposed  with  carbonate  of  soda,  filtered  and  pressed 
again,  and  the  solutions  finally  evaporated  to  crystallization,  when,  on  cool- 
ing, the  /2-naphthalene-sulphonate  separates  out  and  is  removed.  The  «-  salt 
is  fused  with  caustic  soda,  when  the  corresponding  naphthol  is  obtained. 

0-Naphthol,  of  much  more  commercial  importance  than  the  preceding,  is 
manufactured  similarly.  The  naphthalene-sulphonic  acid  is  made  as  above, 
but  at  a  temperature  of  200°  C.,  in  order  to  obtain  a  large  yield  of  the  /?-  de- 
rivative. This  is  converted  into  the  soda  salt,  dried,  and  one  part  by  weight 
fused  with  two  parts  of  caustic  soda,  dissolved  in  the  smallest  quantity  of 
water  at  a  temperature  of  270°  to  300°  C. ;  when  the  reaction  is  over,  the 
melt  is  treated  with  water,  the  ^-naphthol  separated  by  the  addition  of  hy 
drochloric  acid,  filtered,  dried,  melted,  and  poured  into  cylindrical  moulds. 

3.  OF  AROMATIC  ACIDS  AND  PHTHALEINS. — Benzole  Acid  can  be  man- 
ufactured on  a  large  scale  by  several  processes,  of  which  the  outlines  of  the 
two  following  are  probably  the  most  important.  From  benzyl-chloride,  one 
part  of  which  is  heated  to  boiling  with  three  parts  of  nitric  acid  (35°  Be.) 
and  two  parts  of  water  in  a  retort  carrying  an  inverted  condenser ;  the  boil- 
ing being  continued  until  all  odor  of  benzaldehyde  has  ceased,  and  upon 
withdrawing  a  sample  and  allowing  it  to  cool  it  forms  a  crystalline  mass. 
From  hippuric  acid.  For  this  purpose  large  quantities  of  the  urine  of  cattle 
are  taken,  to  which  milk  of  lime  in  excess  is  added,  and  the  whole  evapo- 
rated down  to  small  bulk  (about  one-tenth  the  original  volume),  hydrochloric 
acid  is  added,  filtered  through  animal  charcoal,  boiled,  and  allowed  to  become 
cold,  when  crude  hippuric  acid  crystallizes  out ;  this  is  removed,  boiled  with 
hydrochloric  acid,  yielding  glycocoll  and  benzoic  acid. 

Phthalic  Acid  and  Phthalic  Anhydride. — The  process  for  their  manu- 
facture is  as  follows.  Naphthalene  is  converted  into  the  tetrachloride  de- 
rivative by  means  of  chlorine  gas  acting  upon  it  in  the  fused  state,  or  by 
grinding  naphthalene  with  an  alkaline  chlorate  and  sufficient  moisture  to 
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cause  tin-  ma-  !••  enheiv,  u  hen   it    i>  dried    in   -mail    lump-,  \\liii-liare  im- 

I  in  oonoentrated  hydmchlnric  acid,  \sl,,-ii  the  t.-tia. -1,1..  i  rates 

a>  a  sticky  ma-,  atteru  ard-  I,,  ,-(,minLr   |,:ml.      Thi-  j,  i;l|v,.,,  :lll(|  aet.d  U|».ii 
by  cmiceiit  rated   nitric  add,  h«  at«  d  till  tin-  -.luti<,n  i-  e,,!Mpl,  t,    and   tin-  eXCCSS 
nf  nitric  acid    ha-   been  distilled  ntV,  \vli.-n,  ii|...n    «-,,,, I  in-,  th,-    phthali. 
separate-,  nut  in  crystals.     The  r//*A//f//-/W,    i>  nbtain.-d  i  ,,  phthalic 

acid,  heated  to  al.niit  'Jon'   (  \,  wjth  earhnn  di«\idc  anil  Hiblimn 

rittlmlt"tn*. —  When  phthalie  acid  «.r  it>  anhydride   a.-t>   U|H,II   phenols  a 
class  of  ln.di.-s  termed  "  plitliah-Vn-"  aiv  tnnuc<l  \\itli   cliiuinat inn 
Phenolphthakfa  i>  mamitactmvd  l,y  heating  tli«- aiiliydridc,  |,li,iiMl.  an.; 
phuric  a<-id  I'm-  ten  tn  t\vd\v  hmnx  at  120°  ( '.  ;   tfae  SolphtirU!  acid  a«-t^  mils 
as  a  dehydrating  a-ciit.      Tln«   melt    i-    l.nil.-d  \\itli  \\at.-r.  lli«-   n-i«li;. 
-nlved    in   caustic  snda,   and    the    |)hthalein    i>    precipitated    nj»..n    ili«-   addi- 
tion of  an  acid.        His'H'riil-Jt/lfllil/i'iil,  or    l-'/'ini-txr.'n,,    \-    n|itaill<-«l     I  »\     heating 

three  juii-  of  phthalic  anhydride  with  al>n!it  f'niir  parts  of  raorrm  until 
tlie  fusion  yields  no  more  vapors,  and  becomes  solid  at  a  t( HIJM  ratu 
exceeding  210°  C.  The  melt  is  dissolved  in  dilute  rau-ti«-  >nda,  with  an 
addition  of  phosphate  of  soda  and  chloride  of  <-alrium  t<»  ivnmvc  impnriti.  -. 
The  ilunresccVn  is  precipitated  fmm  the  solution  l»y  the  ad<litinii  of  dilute 
hydrochloric  acid. 

4.  OF  ANTIIRAQUINONES,  ETC.— Anthracene  in  a  finely-divided  state 
is  Hi-prnded  in  water  l>y  agitation,  an<l  n\idi/c<l  l>y  means  nf  • 
hichmmate  and  snlphurie  acid  at  a  boiling  teiiijM-ratnre  ;  all-.u-d  t... •,„,!. 
and  the anthraquinODe  is  collected  on  filter-frames,  \\a~h.d  \\ith  \\atcr  and 
dried,  and  for  further  purification  is  treated  with  enueentrati-d  .-ul|»huri«- 
acid,  and  heated  to  110°  to  120°  C.,  when  the  dark  mass  obtained  i-  treated 
with  steamy,  which  causes  a  dilution,  1'nllnwed  by  a  gradual  >e  pa  rat  ion  of 
the  anthraquinone  in  crystals.  Tht4se  are  washed  with  Imt  \\ater,  and  after- 
\\ai-<U  with  hot  dilute  soda  to  remove  organic  acids.  The  yield  is  about 
fifty  to  filly-five  per  cent,  of  the  weight  of  the  anthracene  u>cd. 

Anfftrutjiiiitonc-monoxii/jtlioitir  Arid.  (See  p.  382.) — This  i-  manufac- 
tured by  heating  one  hundred  kilos,  anthraquinone  with  one  hundred  kiln... 
fumiiur  sulphuric  acid  (containing  forty-live  to  fifty  per  cent,  anhydride)  to 
160°  C.  in  an  enamelled  cast-iron  vessel  mounted  in  an  nil-bath.  By  vary- 
ing either  the  quantity  of  sulphuric  acid  or  the  temperature  the  alpha-  or 
IM  ta-disulphnnic  acid  will  result.  The  separation  of  the  two  latter  from 
the  mono-siilphoiiic  acid  is  effected  by  convertim:  the  sulphonie  acids  into 
lead  silts,  decomposing  these  with  carbonate  of  soda,  and  acting  upon  the 
resulting  soda  salts  with  dilute  sulphuric  acid,  which  has  but  a  -li-ht  snl\,-nt 
action  upon  the  mono-sulphonic  acid. 

M'r.orin. — The  ali/arin  process  is  carried  on  in  lar-c  iron  vessels  or 
autoclaves,  mounted  as  shown  in  Fig.  1  1U.  To  the  central  shaft  l>  agita- 
tors are  attached,  so  that  the  charge  may  be  cnn-tantlv  mixed.  F  is  a 
thernmnietcr,  and  the  openings  in  the  top  to  the  ri-ht  are  for  introducing 
the  charge,  and  the  small  one  on  the  left  for  admitting  -team  and  water. 
The  process  is  commenced  by  melting  two  hundred  and  fifty  to  three  hun- 
dred parts  of  caustic  soda  in  a  small  (juantity  of  water,  and  then  adding 
twelve  to  fifteen  parts  of  chlorate  of  pota>h  and  one  hundred  parts  of  the 
sodium  anthra(|uinoue-sulphonate,  when  the  vessel  is  closed  and  the  agitator 
put  in  motion,  the  whole  being  kept  at  a  temperature  of  180°  O.  fnr  twodays, 
when  it  is  allowed  to  cool,  dissolved  in  a  large  quantity  of  water,  and  the 
alizarin  precipitated  by  the  addition  of  hydrochloric  acid.  The  alizarin 
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is  washed  to  free  it  from  soda  salts,  passed  through  filter-presses,  and  is 
ready  to  be  either  dried  and  ground,  or  ground  in  glycerine  to  a  paste. 
Neutralizing  the  soda  solution  with  sulphurous  acid  instead  of  with  hydro- 
chloric acid  enables  a  recovery  of  the  caustic  soda.  The  yield  from  one 
hundred  kilos,  anthraquinone  is  one  hundred  and  five  to  one  hundred  and 
ten  kilos,  alizarine  (Schultz).  Several  processes  are  employed,  varying 
mainly  in  the  duration  of  the  melt  and  in  the  proportion  of  materials  used. 
Instead  of  soda,  lime  is  employed,  in  which  case  a  "  lake"  is  formed. 

FIG.  116. 


5.  OF  QUINOLINE  (CRINOLINE)  AND  ACRIDINE. — Quinoline  is  pro- 
duced from  nitrobenzene  and  aniline.     Twenty-four  grammes  of  the  for- 
mer and  thirty-eight  grammes  of  the  latter,  with  one  hundred  and  twenty 
grammes  of  glycerine,  are  placed  in  a  flask  (provided  with  a  return  con- 
denser) containing  one  hundred  grammes  of  concentrated  sulphuric  acid ; 
when  the  reaction  is  over,  the  contents  are  boiled  for  some  time,  diluted,  and 
the  unconsumed  nitrobenzene  is  distilled  off;  an  excess  of  alkali  is  added 
to  the  solution,  and  the  quinoline  distilled  off  with  a  current  of  steam.     It 
can  also  be  obtained  from  crude  quinoline  from  coal-tar  with  phthalic  an- 
hydride and  zinc  chloride.     Acridine  is  found  along  with  crude  anthracene, 
from  which  it  is  separated  by  treatment  with  dilute  sulphuric  acid,  precipi- 
tating with  chromate  of  potash,  recrystallizing,  precipitating  by  ammonia, 
dissolving  in  hot  water,  from  which  it  separates  in  crystals  on  cooling. 

6.  SULPHONATING. — This  general  process  consists  in  dissolving   the 
compound  to  be  changed  in  fuming  sulphuric  acid,  whereby  one  or  more 
H  atoms  are  replaced  by  HSO3  groups,  producing  mono-,  di-,  or  trisul- 
phonic  acids.     Examples  of  this  process  are  given  under  Resorcin  (see  p. 


I!:<>DUCTS. 

\aphihoU    (see    p.    888),   an. I    \\ill    IN-    tn-ou.-ntly    ref.-m-d    to    in 
ela  — i!\  in-   tin-  artificial  dye-OOlon, 

7.  I  >i  A/.OI  i/i  NI,.  —  r.y  the  action  of  nitron- acid  UJM.U  primary  aromatic 
amines  a  dia/o-  compound  i-  formed,  a-  in  tin-  t'..||..\\  in-j  na<  ti.,n  : 

C  II  .\    II  M    \.»      (  .H..X  =  N.N<VH2HjO. 

-j-  N    <  >  1 1 

These  dia/.o-  compound-  are  -u-c«.ptil>le  of  a  great  vari.-ty  of  r.-a'ti.-n- 

whereby  other  group-   or   at. .111-  of  dement.-  in.  Tim-,  hv 

Uieaid  of  the  diazotizing  reaction  it  i-  po— ihlc  to  rep!  '.••  'dl 

group  by  OH,  H,  Cl,  Br,  I,('N,  etc.     it  i-  therefore  of  the  grateft  im- 

r  in  -ynilu-iir  ur-anir  .-ln-nii-iry. 

The  |»r<K-css  is  rurrir<l  (tut  in  <»nr  .»!'  t\\..  ^rin-nil  ways:  (a)  l»v  ...n.ln.-t- 
inii-  a  <-nrn-nt  «>t'  nitmu-  a. -id  LTUS  tliruu«:li  a  xtlntiuii  of  tin-  >nl».-tanrr  to  IM- 
<lia/otixc<l,  tin-  nitmns  arid  in  this  can-  Lrin-  nm^t  mnvniirntly  nlitaiiml  l»\ 
a«-tin.ur  ii|x.ii  stan-h  with  rnnrrntratr«l  nitric  a<-i<l  in  a  >uitaM«-  -j.-n.-! 
(//)  1>\  dia/.-ti/iiiL;-  in  a  hatli  tn-M-thrr  with  the  nitmns  acid-yicliling  Sllbetanoe 
(nitrite  of  soda  ^-nc -rally).  In  tin-  <-a-c  tin-  \«.lv»-d  1>\  adding  an 

arid,  usually  sulphuric,  t<>  the  solution.  I  )ia/.oti/inur  is  al\\av>  mndiirtcd  at 
a  low  tcmprratmv. 

m.   Products. 

It  would  he  impossible  in  the  -pa.v  of  this  rhapt.T  to  do  inoiv  than 
a  clar-silieation  »t    the  artificial  dye-colors  and  enumerate  a  tew  of  the  n 
important  under  each  "-roiip.      The  nuinhcr  <>f  distinct  prodn<-t-  ha-  alrea«ly 
run  far  into   the  thousands,  and  the  trade-names  l>y  which  many  arc  exclu- 
sively known  frequently  Ix^ar  so  little  relation  to  the  chemical  names  that  it 
would  be  idle  for  us  to  attempt  to  cover  the  Around  in  any  other  \\ay  than 
by  a  simple  outlining  at  present.     But  before  taking  up  thi>  -la— itication  it 
will  be  well   to  examine  what    «ivivral    principle.-,  it'  any.  underlie   the    j 
dnetion  of  a  dye-color.     O.  N.  Witt*  has  proposed  a  theory  which  explain- 
in  a  very  simple  way  this  color  formation  in  the  aromatic  series.     He  names 
a  series  of  radicals  or  groups  which  by  their  entrance  alone  or  with  oil 
change  a  colorless  hydrocarbon  into  a  colored  compound.     The>,-  radical-, 
which   he  calls  "  chromophor"   Croups,  are  only  capable  of  producing  the 
" chromogens,"  or  parent  substances  of  dye-colors,  which  chromo^rn-,  ln>\\  - 
ever,  are  at  once  changed   into  dye-colors  of  distinct    ba.-ie  or  a. -id  chara.  t.  r 
when  a  salt-1'ormin^-  i:i-oiip  enter-.      Tim-,  from   two    molecules  of  ben/' 
by  the  entrance  of  the  chromphor  i:rouj>  — N  =  N—  is  formed  azo-bcn: 
an    o  ran  Lie-colored  ehromogen,    but    not    capable  of  dyeing   >ilk    or   wool. 
When  the  NH,  group  «-nters  there  n-ults  ho\\«-ver.  IM  • .  a  r«-al 

jlyestnlf.  Or  from  ben/ene  by  the  entrance  of  the  chromophor  group  N(  } 
is  formed  the  chromogen  trinitro-b<  n/.  u<  ,  \\hich  by  the  < -nt ranee  of  the  -alt- 
tbrming  group  OH  become^  trinitro-phenol  (or  picric  acid),  a  yellow  dye- 
color. 

Witt  indicates  some  eleven  of  these  chromophor  groups,  to  which  we 
shall  refer  under  the  appropriate  head-  in  our  da— itication.  Of  salt-form- 
ing groups  which  change  the  chrom..-. -n-  to  dye-tnlls.  two  are  -jnviallv  to 
be  noted,  the  amido  group  NH,,  which  impart-  a  ba-ic  character  to  the  dy<- 

*  Berichte  derChera.  Ges.,  ix.  p. 
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color,  and  the  hydroxyl  group  OH,  which  gives  the  dye-color  an  acid  char- 
acter. Almost  all  dye-colors  are  changed  to  colorless  compounds  by  the 
action  of  reducing  agents.  The  nitro-  compounds  are  changed  into  the 
corresponding  amido-  derivatives,  the  azo-  compounds  into  hydrazo-  or  even 
amido-  compounds,  while  more  complex  dye-colors  are  changed  by  careful 
reduction  into  bodies  richer  in  hydrogen,  which  are  known  as  "  leuco" 
compounds.  From  these  "  leuco"  compounds  the  corresponding  dye-colors 
are  then  formed  more  or  less  easily  by  oxidation.  In  some  cases  atmos- 
pheric oxidation  alone  suffices,  as  with  indigo,  .in  others  more  energetic 
oxidizing  agents,  such  as  lead  peroxide,  are  needed. 

Again,  the  study  of  dye-colors  soon  shows  that  they  possess  different 
characters  with  reference  to  the  ease  with  which  they  may  be  fastened  upon 
the  fibre  to  be  dyed  or  the  kind  of  mordant  needed  to  effect  such  fastening 
upon  the  fibre.  We  therefore  distinguish  between  basic,  acid,  and  indiffer- 
ent or  neutral  dyestuffs.  Basic  dyes  like  magenta  fasten  upon  the  animal 
fibre  at  once,  and  upon  the  vegetable  fibres  after  treatment  with  taunic  acid 
and  similar  acid  mordants.  They  are  used  in  the  form  of  their  salts.  The 
acid  dyes  are  frequently  sparingly  soluble,  and  are  either  brought  into 
soluble  condition  by  forming  alkaline  salts  and  sulphonic  derivatives,  which 
are  then  used  for  dyeing,  or  they  are  used  with  fibres  previously  mordanted 
with  metallic  hydrates  or  salts,  as  in  the  case  of  alizarin.  In  the  latter 
case,  however,  the  color  acid  forms  a  variety  of  different  colored  compounds 
(lakes)  with  the  different  bases.  To  the  third  class  (indifferent  or  neutral 
bodies)  belongs  indigo-blue  and  some  other  substances. 

The  classification  which  is  now  generally  accepted  is  that  based  in  the 
main  upon  Witt's  chromophor  groups,  and  we  will  simply  note  a  few  illus- 
trative compounds  under  each  group. 

1.  ANILINE  OR  AMINE  DYE-COLORS. 

(a)  TRIPHENYL-METHANE  DYES. — Benzaldehyde  Green  (or  Malachite 
Green),  known  also  under  a  variety  of  other  names,  is  made  by  the  action 
of  benzaldehyde  upon  dimethyl-aniline.  The  commercial  dye  is  the  oxalate 
or  zinc  chloride  double  salt. 

Ethyl  Green  (or  Solid  Green)  is  the  corresponding  derivative  from  di- 
ethyl-aniline. 

Acid  Green  (or  Helvetia  Green)  is  the  sodium  salt  of  the  monosulphonic 
acid  of  the  benzaldehyde  green. 

Magenta  (Aniline  Red,  or  Fuchsine)  is  a  mixture  of  the  chlorhydrates 
of  para  rosaniline  and  rosaniline,  and  is  obtained  by  oxidizing  aniline  oil  with 
arsenic  acid  or  nitrobenzene.  A  large  number  of  side-products  are  obtained 
in  the  manufacture  of  magenta,  and  have  been  used  under  the  names  of  cerise, 
cardinal,  amaranth,  chrysaniline,  phosphine,  maroon,  mauvaniline,  etc. 

Add  Magenta  (Fuchsine  S)  is  the  sodium  or  ammonium  salt  of  para- 
rosaniline  and  rosaniline  trisulphonic  acids,  and  is  prepared  by  sulphonating 
the  ordinary  magenta. 

Aniline  Blue  (spirit  soluble  Blue)  is  a  salt  of  triphenylated  para-rosani- 
line,  and  is  made  by  the  action  of  a  large  excess  of  aniline  upon  rosaniline. 
If  magenta  is  used  instead  of  rosaniline  a  reddish-blue  is  obtained. 

Diphenylamine  Blue  (spirit  soluble)  is  probably  the  chlorhydrate  of  tri- 
phenylated para-rosaniline,  and  is  made,  as  the  name  indicates,  from  di- 
phenylamine,  which  is  heated  with  oxalic  acid  to  120°  to  130°  C. 

AlkaliBlue  (Nicholson's  Blue,  Soluble  Blue)  is  thesodium  salt  of  the  mono- 
sulphonic acid  of  a  spirit  soluble  blue,  and  is  made  by  sulphonating  the  latter- 


PRODUCTS. 

\\'(li,T     />'///»    (Cnttnn      lillle)   cnll-istS    Of  Milt-    '  •  f     1  II  |  »||i-||  V  1-rosaililillf    tri- 

snlphonic  acid  \\  itli  -mall  amount-  of  the  COITe8|>onding  di-nlphoiiie  salt*. 

Hofniinin'fi    Vinlt-tx   coii-i-t  of  salts   of  tin-   eth\l    and    m«-tli\  1    d- 
of  tosunilinc  and   para-rosanilinc,  and  an-  made  by  the  action  of  meth\l  m 
ethyl  chloride  or  iodide  iip.ni  magenta  in  the  pn-en, 

i-  nf  hi-toric    inteiv-t,  l>ut    ha-  heen    replaced    alino-i    »  «.mpl«-t«-l\    l>y  m«  tlis  1 
violet. 

Mt'thijt  \'io/'t  \-  a  -all  of  pentamethyl    para-ro-aniline,  and    i- 


by  the  direct  oxidation  of  the  pnre.-t  dimethyl-aniline  with  «-.,J.JMT  «  -Idol-id*  . 

tlil    r 


I/,//////    <;,;,,!.  —  Thi-    dye    i>    foniu-d    hy    the   aetimi   .,!'  m.-tliyl    rhl- 
upon  methyl  violet.      The  commercial  d\e  i>  the  /im-  doiihle  chloride. 

Auramine  may  he  mentioned   here,  hut   i-   pmhahlv  a  r.  pr.^Mtatr 
the  diphenyl  methane  -jroiip.      It    i-  an   im|>ortaiit    \ello\\  d\e,  and    If 
pared  hy  the  action  of  phosgene  -;i-.  (  <  ><  '!„  upon  <limeth\  1-aiiiliiie  and  beat- 
iuir  tlie  product  with  >al  ammoniac  and  zinc  cldoride  to  from  1  .",<  •    to  l»;o°  ('. 
(b)  AZIM:>  (  Ki-KiminxEs  AND  SAFRANIM->).  —  rhn.mophor 
N 


=N  —  N=.      \futni/   ]!«!  (Toluylcn    Ke<l)   is  a    ha-i<-  d\,  -color  pi. 

hy  the  action  of  nitroso-dimethyl-aniline   upon   ///-toluyl.-n-diamine.      It   i> 

n-ed  with  cotton  after  mordanting  with  tannic  acid  and  tartar  en, 

^(fi'tinim-  (Aniline  Rose)  is  prej3ared  by  the  oxidation  of  amidoa/--t-. 
luene  and  toluidine,  or  »f  ^-toluylcn-diamine,  ortho-toluidinc,  and  aniline. 
The  commercial  salt  is  the  chlorhydrate  of  the  -afianine  h;i 

Naphthalene  Red  (Magdala  Red)  i>  the  compound  in  the  naphthalene 
series  corresponding  to  the  preceding.  It  is  obtained  hy  fusing  the  chlor- 
hydrate of  a-naphthvlen-diamine,  a-naphthylamine,  and  amidoa/oiiaphtha- 
lene.  It  forms  a  dark-brown  powder,  soluble  in  alcohol  with  >tn»ng  red 
fluorescence.  It  is  used  largely  in  silk-dyeing  and  for  velvet  Ix-t-ause  of  ita 
fine  color  and  fluorescence. 

Mauvein  (Perkin's  Violet)  is  of  historic  interest  mainly  as  the  first  ani- 
line color.  It  was  obtained  by  W.  H.  Perkin  in  1856  by  the  oxidation  with 
sulphuric  acid  and  bichromate  of  potash  of  a  mixture  of  aniline  and  tolui- 
dine. 

(c)  INDULINES  AND  NIGROSINE.  —  /w/«//w,  spirit  9ohMe(Conjptafn  Hlu.  -, 
Guernsey  Blue,  etc.),  is  prepared  by  heating  amidoazoben/ene  w  ith  aniline 
tol60°C. 

/n<ln/ine,  water  soluble  (Indigo  substitute),  is  the  sodium  -alt  of  the  di- 
sulphonate  of  the  preceding,  and  is  extensively  u-ed  for  .-ilk  and  wool. 

Si<jrtn<ine  (Coupier's  Gray)  is  prepared  by  heating  nitrophenol  with  ani- 
line and  aniline  chlorhydrate.  Tne  alcohol  soluble  compound  is  the  -imple 
salt  of  the  base,  while  the  sodium  sulphonate  form-  the  \\atcr  -"Inhle  com- 
pound. 

(<7)  ANILINE  BLACK.  —  For  the  preparation  of  aniline  black,  aniline 
chlorhydrate  is  very  carefully  oxidized.  The  dye-tntV  i-  not  prepared  for 
dyeing  or  printing,  but  is  fixed  on  the  fibre  by  an  oxidation  pnnvss  which 
develops  it  gradually.  It  is  a  very  fast  black.  Quite-a  variety  of 
izing  agents  may  be  used.  Potassium  chlorate  and  e,.pp<  r  -nlphate  are 
frequently  used  in  admixture,  and  vanadate  of  ammonia  is  also  of  esjHfial 
serviceableness  in  connection  with  the  chlorate.  Eleeti..ly-i-  of  a  concen- 
trated solution  of  an  aniline  salt  will  also  produce  aniline  black* 

2.  PHENOL  DYE-COLORS. 

(a)  NITRO-  AND  NITKOSO-  DERIVATIVES.  —  J'irric  .  [ritl  (Trinitrophcnol) 
is  made  by  nitrating  carlxdic  acid  dii*ect  with  strong  nitric  acid,  or,  better,  hy 
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acting  upon  phenol-sulphonic  acid  with  strong  nitric  acid.  Forms  light- 
yellow  leaflets  or  scales,  and  extensively  used  as  a  dye  for  silk  and  wool. 

Phenyl  Broivn  (Phenicienne)  is  a  mixture  of  potassium  or  ammonium 
compounds  of  two  isomeric  dinitrophenols  and  some  resinous  products.  It  is 
obtained  by  the  direct  nitration  of  phenol.  It  is  used  for  wool  and  silk  and 
in  dyeing  leather. 

Victoria  Yellow  is  a  mixture  of  the  alkali  salts  of  dinitro-ortho-cresol 
and  dinitro-para-cresol. 

Naphthol  Yellow  (Martins  Yellow,  Manchester  Yellow,  etc.)  is  the  so- 
dium, potassium,  or  calcium  salt  of  dinitro-a-naphthol,  and  is  prepared  by 
the  nitration  of  a-naphthol  either  directly,  or  after  conversion  into  the  mono- 
sulphonic  acid. 

Naphthol  Yellow  S  is  a  sulphonate  of  the  preceding,  and  is  made  by 
nitrating  the  a-naphthol-trisulphonic  acid.  The  color  is  faster  than  picric 
acid  or  the  simple  naphthol  yellow. 

Aurantia  is  the  ammonium  salt  of  hexa-nitro-diphenylamine,  and  is 
made  by  the  nitration  of  diphenylamine.  It  was  formerly  used  for  wool 
and  silk,  but  is  now  used  only  for  leather  coloring. 

Naphthol  Green  is  obtained  by  oxidizing  nitroso-/3-naphthol  monosul- 
phonate  of  soda  with  iron  salts.  The  basic  soda  is  the  commercial  dye,  and 
is  used  for  wool  chiefly. 

Resorcin  Blue. — By  the  action  of  nitrous  acid  upon  resorcin  is  pro- 
duced diazoresorcin,  which  by  the  action  of  concentrated  sulphuric  acid  is 
changed  into  diazoresorufin.  This  yields  a  hexabrom-  derivative,  the  am- 
monium salt  of  which  is  the  commercial  dye.  It  is  used  for  dyeing  silk 
and  wool  a  blue  color,  which  has  a  red  fluorescence,  especially  by  artificial 
light.  By  combining  with  yellow  dyes  it  yields  a  fluorescent  olive  color. 

(6)  ROSOLIC  ACIDS. — Rosolic  Acid  and  Aurin  (Pararosolic  Acid)  may  be 
prepared  from  rosaniline  and  pararosaniline  respectively  by  treatment  with 
sodium  nitrite  and  after  boiling  in  the  presence  of  sulphuric  acid.  These 
two  coloring  matters  are  no  longer  of  commercial  importance. 

Yellow  Corallin  is  prepared  by  heating  pure  phenol  with  concentrated 
sulphuric  acid  and  oxalic  acid  for  some  hours  until  the  evolution  of  gas 
nearly  ceases.  The  crude  product  of  the  reaction  obtained  by  pouring  the 
melted  mass  into  water  is  changed  into  the  commercial  dye  by  dissolving  it 
in  caustic  soda  solution  and  evaporation  to  dryness. 

Red  Corallin  (Paeonin)  is  obtained  by  the  action  of  ammonia  under 
pressure  upon  the  yellow  corallin,  and  represents  an  intermediate  product 
between  aurin  and  para-rosaniline. 

(c)  PHTHALEINS. — Phenol-phthalein  is  not  used  as  a  dyestuif,  but  as  an 
indicator  in  alkalimetry. 

Fluorescein  (Resorcin  Phthalein)  is  made  by  heating  molecular  propor- 
tions of  resorcin  and  phthalic  anhydride  to  195°  to  200°.  Fluorescein  is 
not  used  as  such  for  dyeing,  but  is  converted  into  the  eosins.  The  sodium 
salt  of  the  fluorescein  comes  into  commerce  under  the  name  of  uranine. 

Eosins. — The  several  halogen  substitution  derivatives  of  fluorescein 
form  the  class  of  dyes  known  as  eosins.  Thus,  the  potassium  or  sodium 
salt  of  tetrabrom-fluoreseein  is  the  eosin  yellow  shade,  while  the  correspond- 
ing salts  of  tetraiodo-fluorescein  constitute  eosin  blue  shade.  Methyl  and 
Ethyl  Eosin  (Primrose)  are  the  methyl  and  ethyl  ethers  of  tetrabrom- 
fluorescein.  Aureosin  is  a  chlorinated  fluorescein.  Rubeosin  is  prepared 
from  this  latter  by  the  action  of  nitric  acid.  Erythrosin  is  the  potassium 
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suit  of  di-indo-fluoreseeiu.     little  Bengalf  is  the  sodium  anli  .ii«-l«.- 

dichlor-lliinre-criii.      riiln.nn    i>    tli«-    pota.--ium    silt    ..I'    t.  i  iah,..mdirhlnr- 
iliiore-cein,    and    Cinmnstn,     i-    tli.     !  in    silt    of    tin-    in.-tlivl    «•!! 

phlo\in.       l;ln,<l,iniiin   i.-the  |  .lit  hul.'-i  ii  of  <  I  ii-t  h\  I  -in,  ta-:t  in  i«  l<  .|  tin  -in  .1. 
and   silk    e.-pecially  are  d\ed  \\itli    tin-  •  •      us,  and  cotton    aft,  -i-   in-,  planting 
\sith  various  m«  tallic  silt-. 

Gal/'in  is  tin-  phtlialein  of  pyn^allol,  ami    i-  pi  •  -pan  d  by  UO  analogous 

method    to   tllUt    described    Under   !ll|ore-cei  II.         It    i-  Very    little  llM-d    iiul 

hut  §ervec  t'<T  tin-  preparatioi)  of 

Qorrnli'in.  —  This  <lyr  is  nhtuinrd   l.y  li-aiin-    -all-  in  \\itli    I 

'  ' 


it-  \\ri-jlit  of'strontr  sulphuric  acid.      KMI-IM-  a  dark  uinnrplmiiH  ma.^',  \\hicli 

l.  -i 


(Ii—  «.lvc-  iti  ulkulirs  \\ith  a  hcautiful    «ii'ccii  ml«.r.      i  .,  ml.  -in  I'-TII 

lrs>    cuinpnund    \\ith   .-.dium    hi-tilphitc,    \\hich    is    kiH.\\n    a-    /  '»  ,  ><l?m  89 

and  is  much  u-cd  in  dyeing,  as  it  is  easily  <!.•••.,  n,p, 

(d)  IM><HMH:.N«'|.>   \\i>  LAUTB'fl  I>Y"KS.  —  Iiulof.lt.  ,  in/  (.i-Nuphtlml  I 
is   prcpurc<l   hv  oxidi/.iiiLr  dimcthyl-j»araphcnylcii<--diaminc  and   "-naphth.'l 
\\ith  hichroraate  of  potash  and  acetic  acid.      Indnph<n,,l  ,,,a\  L  ( 
oliici.-c  and  cuiistio  soda  to  a  leuco-  cmn|Miiind   known  as  7/«/"y,/<,  ///,/ 
\vhi<-h  is  also  sold  commercially.      When  c,,;t«,n  -.  printt-d  with  lcuc«>- 

indophcnol,  the  blue  color  may  then  be  develop,  d   in  dilute  hichrniuute  of 
potash  solution. 

M'fhi/tene  blue  is  prepared  from  dimcthylsinilinc  1>\  tin-  trcatm.  i. 
thi<  tirst  with  sodium  nitrite  and  then  hydrogen  >  sulphide  ait.  i    aciditVin^ 
with  hydrochloric  acid.     The  coinnicrcial  salt   is  a  /inc  doiil.lc  (hl..i 
the  sulphur  base,  called  tetramethyl-thionin. 

Ethylene  blue  is  a  salt  of  the  ooirespoixling  tetra-etliyl  base. 

Gallocyanin  is  obtained  by  the  action  of  nitrosodimethylsiniline  upon 
gallic  acid.  It  is  gray  paste,  insoluble  in  water,  but  soluble  in  al«-«»hol 
with  bluish-violet  color. 

3.  Azo  DYE-COLORS.  —  Chromophor  group,  —  X  =  N  —  . 

A.  MONOAZO  DYES.  —  (a)  Amidoazo  Dyes.  —  Aniline  Yellow  (Amidoazo- 
ben/eiie  Hydrochloride)  is  no  longer  used  as  a  dye,  a>  it  is  volatile  \\ith 
steam  and  not  at  all  fast. 

Chrysoidine   (Diumidoa/obenzene   Hydrochloride)    is   obtained   b\ 
mixing  solutions  of  diazobenzene  hydrochloric  le  and  m-phenylene-«liainine. 
Forms  reddish-brown  crystals. 

Phenylene  Brown  (Bismarck  Brown,  or  Vesuvine)  is  triamid«»-a/«.l>.  n- 
xene  hydrochloride.  Forms  a  brown  powder  soluble  in  water. 

(6)  Amidoazosulphonic  Acids.  —  Add  }'<  (low  (Fast  Yellow)  is  the  sodium 
salt  of  the  disulphonic  acid  of  aniline  yellow  (amidoaxobeu/eiie).  \\  is  used 
largely  in  dyeing  com  pound  shades. 

Dimethy/-<ini/iii<'  Orange  (Helianthin)  is  the  ammonia  salt  of  dimethyl- 
aniline  azobenzene-sulphonic  acid.  Dyes  silk  and  wool  a  fiery  <>raiiLr'-.  It 
is  also  used  as  an  indicator  in  alkalinity,  as  the  light-yellow  color  of  the 
solution  is  immediately  turned  red  by  the  addition  of  a  drop  of  hydro- 
chloric acid. 

Diphenylamine  Orange  (Tropaeolin  GO,  Oranj  I  \  '  .  is  t..riiicd  l>y  the 
iction  of  diazobenzene-sul  phonic  acid  upon  diphenylumine.  1>\«-  u  very 
fine  golden  yellow  upon  silk  or  wool. 

Metanil  Yellow  is  the  sodium  salt  of  phenylamidoazobcn/.  n«  -///-sul- 
phonic  acid.  Forms  a  yellow  soluble  powder. 

(f)   Oxyazo  Dyes.  —  Soudan  G  (Aniline-azoresorcin)  is  a  brown  powder 
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hardly  soluble  in  water,  soluble  in  alcohol.  It  is  used  for  coloring  spirit 
varnishes,  oils,  etc. 

Soudan  Brown  (Pigment  Brown)  is  made  by  the  action  of  hydrochloride 
of  a-diazonaphthalene  upon  a-naphthol.  It  is  used  for  coloring  varnishes, 
soaps. 

Cdrmine-naphte  is  an  isomeric  compound  formed  from  /5-diazonaph- 
thalene  and  ^-naphthol.  Forms  a  red-brown  powder,  soluble  in  sulphuric 
acid  with  fuchsine-red  color. 

Azarin  is  an  ammonium  bisulphite  compound  of  the  dye  resulting  from 
the  action  of  diazodichlorphenol  and  /3-naphthol.  When  the  azarin-paste 
is  used  in  cotton-printing  and  steamed,  the  sulphite  combination  is  broken 
up  and  a  brilliant  red  color  remains. 

(d)  Oxyazosulphonic  Adds. — Orocein  Orange  (Ponceau  4GB)  is  pre- 
pared from  hydrochloride  of  diazobenzene  and  /?-naphthol-monosulphonic 
acid.  It  is  a  fiery-red  powder,  dyeing  a  reddish  orange  on  wool. 

Orange  G  is  the  sodium  salt  of  diazobenzene-/?-naphthol-disulphonic 
acid.  It  dyes  an  orange-yellow  shade. 

Cochineal  Scarlet  2R  results  from  the  action  of  diazotoluene  upon  a-naph- 
thol-monosulphonic  acid.  It  forms  a  cinnabar-red  dye-color. 

Azococcin  2R  results  from  the  action  of  hydrochloride  of  diazoxylene 
upon  a-naphthol-sulphonic  acid.  It  forms  a  red-brown  powder,  difficultly 
soluble  in  water.  It  is  used  in  silk  dyeing. 

Wool  Scarlet  R  results  from  the  action  of  hydrochloride  of  diazoxylene 
upon  ec-naphthol-disul phonic  acid.  It  forms  a  brown-red  powder,  soluble 
in  water  with  yellowish-red  color. 

Ponceau  2R  (Xylidine  Red)  results  from  the  action  of  hydrochloride 
of  diazo-m-xylene  upon  /5-naphthol-disulphonic  acid.  It  forms  a  red  powder, 
easily  soluble.  It  has  been  used  in  large  quantities  as  a  substitute  for  coch- 
ineal. 

Ponceau  3R  (Cumidine  Red)  results  from  the  action  of  hydrochloride 
of  diazo-m-cumene  upon  /9-naphthol-disulphonic  acid.  It  is  used  as  the  pre- 
ceding, but  gives  redder  shades. 

Anisol  Red  and  Phenetol  Red  are  formed  by  the  action  of  anisidine  and 
amido-phenetol  respectively  upon  /?-naphthol-disulphonic  acid. 

Fast  Red  B*  (Bordeaux  B)  is  formed  by  the  action  of  hydrochloride  of 
diazonaphthalene  upon  /3-naphthol-disulphonic  acid. 

a-Naphthol  Orange  (Tropseolin  OOO,  No.  1)  is  the  sodium  salt  of  j9-sul- 
phanilic-acid-azo-a-naphthol.  Forms  orange-yellow  scales,  tolerably  solu- 
ble in  water.  It  dyes  silk  and  wool  a  reddish  orange. 

p-Naphthol  Orange  (Tropseolin  OOO,  No.  2,  Mandarin)  results  from  the 
action  of  j9-diazobenzene-sulphonic  acid  upon  ^p-naphthol  in  alkaline  solu- 
tion. It  forms  an  orange-red  soluble  powder,  and  is  used  largely  for  wool- 
dyeing. 

Fast  Red  A  (Rocelline,  Cerasine,  etc.)  is  prepared  by  uniting  a-diazo- 
naphthalene-sul  phonic  acid  acid  with  ^-naphthol.  It  forms  a  brown-red 
powder,  more  soluble  in  hot  than  in  cold  water.  It  is  used  largely  as  a 
substitute  for  barwood  and  orseille. 

Azorubin  S  (Fast  Red  C,  Carmoisin)  is  the  sodium  salt  of  the  disul- 
phonic  acid  of  naphthalene-azo-a-naphthol.  It  forms  a  reddish-brown 
soluble  powder. 

Brilliant  Ponceau  4R  (Cochineal  Red  A)  and  Fast  Red  D  (Amaranth) 
are  both  sodium  salts  of  trisulphonic  acids  of  naphthalene-azo-/?-naphthol, 
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isomeric  with  cadi  <.thcr.     The  former  is  a  scarlet-red  easily  soluble  powder, 

the  latin-  a  reddish-brown   powder. 

15.   PISA/M  PVKS. — (a)Dwazo  /^//     iromAzo Dye-color* (Primary Di#uo 
lhi<-*). —  Renorein  llroim  is  the  >odium  salt  of  a  -ulphonic  acid  ,,!'  n-. 
h-xylene-benrene.      Forms  a  l»n»\\n  soluble  p<>\\<!« r. 

l-'ust  Hrnim  results  from  the  action  of  two  molecule  of  '/  <iia/.o-naph- 
tlialcnc-sulph(»nic  acid  upon  one  molecule  of  resorcin. 

Aciil  llrown  G  is  formed  by  tin  action  of  hydrochloride  of  dia/o-l>en- 
y.ciie  upon  chrv>oidin-sulphonic  arid.  1  )yes  wool  l,,o\\n  in  acid  soimimi. 

(/>)   hisazo  Dyes  from  Amido-azo  />//«.<••  {Xicomluri/  Dimzo  Dye*).     ( 
/,'"/  (r  (Azoeoccin  7B)  results  from   the  action  of  dia/oa/o-U  n/i-ne  IIJH.H 
r/-uaphthol->ulphonic  acid.      Form>  a  brown  poud.r   not    readily  Milublc  in 
water,      r.seil  in  wool-dyeing,  either  alone  or  in  connection  with  logwood, 

fustic,   etc. 

llrilliunt    ( Vow/i    (Cotton   Scarlet)  results    from    the   action    .,f    lr- 
chloride  of  diazoazo- benzene  upon  0-naphthol-disul phonic  acid.      1  -iin-  a 
reddish  soluble  powder. 

/>/./>ricli  *<•<!/•/<•(  (Ponceau  B). — It  i>  the  sodium  salt  of  amido-azo-U-n- 
/ciic-disulphonic-acid-azo-/3-naphthol.  Forms  a  l»ro\Mi-n<l  taiil\  -i.luble 
powder.  I)yes  wool  and  silk  in  acid-bath  a  red  color  like  cochin,  al. 

Croci'ln  ^'-(irlet  3B  (Ponceau  4HJ^)  roults  from  the  action  of  dia/oaro- 
hcn/ene-nioiio-sulphonicacid  u}K)n/?-naphthol-mouo-sulplionic  acid.  |-'-.rm^ 
a  red-brown  powder  dissolving  with  scarlet-red  color.  I'sed  in  w«»ol-  and 
silk-dyeing. 

X'tjihthot  '!>/<H'k  is  the  sodium  sidt  of  the  tetrasulphonic  acid  of  naphtha- 
lene-disa/.o-naphthalene-^-naphthol.  Forms  a  violet-black  powder.  Used 
exclusively  in  wool-dyeing. 

\\'nol  Black  is  the  sodium  salt  of  the  disulphonic  acid  of  a  henzene- 
di>a/o-benzene-^-tolyl-j?-naphthylamine.  It  forms  a  blui>h-bla<  k  x.luble 
powder.  Dyes  a  deep  blue-black  color  and  is  <jiiite  stable. 

/•'/x/  Viult-t  is  the  sodium  salt  of  the  disulphonie  acid  of  a  naphthalent- 
disa/.o-benzene-/9-naphthol.  Forms  a  dark-brown  soluble  powder.  Used 
in  wool -dyeing. 

(c)  Disazo  Dyes  from  Diamido  Common  mis  (( 'on^-n  ( Jmup,  or  r>en/idine 
Dyes). — These  ayes  are  distinguished  from  all  other  coal-tar  dyes  by  the 
readiness  with  which  vegetable  fibres  may  be  dyed  with  them  without  pre- 
vious mordanting,  so  that  they  are  equally  applicable  to  vegetable  Mi- 
animal  fibres,  and  can  be  used  with  nood-  of  mixed  fibre.  They  are  often 
called  xultxtfinlirr  cotton  <///rx.  Their  aflinity  for  the  fibres  indeed  goes  SO 
far  that  they  can  be  used  like  mordants  to  facilitate  the  fa-t.-nin--  of  other 
coal-tar  dyes  upon  the  vegetable  fibres.  Nor  need  the  dyeing  with  these 
coloring  matters  precede  the  use  of  the  other  dyes,  but  they  ma\  he  u-  d  ai 
once  in  admixture  with  the  ben/idine  dy.  -. 

Chri/wtmin  is  obtained  by  the  action  of  tetrazo-diphenyl  chloride  UJMHI 
salicylate  of  soda.  It  fornis  a  yellow  powder,  >parin«:ly  soluble  in  cold 
water,  but  soluble  on  boiling.  1'sed  in  cotton-dyeing  and  for  mixed  c..u,,n 
and  woollen  goods. 

Congo  Red  is  the  sodium  salt  of  diphcnyl-y/-di>a/o-naphthionic  acid. 
Forms  a  reddish-brown  powder,  soluble  in  water  with  tine  red  color.  This 
solution  is  so  sensitive  to  acids  that  a  single  drop  of  very  dilute  Milphuric 
acid  sutlices  to  convert  the  whole  of  the  liquid  to  a  beautiful  blue.  It  is 
therefore  a  valuable  indicator  in  volumetric  analysis. 
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Benzopurpurin  is  formed  by  the  action  of  tetrazo-ditolyl  chloride  upon 
naphthylamine  sulphonate  of  soda.  It  is  a  dark-red  powder,  dissolving 
easily  in  water.  The  scarlet  obtained  from  this  dye  is  not  changed  by 
dilute  acid  as  is  that  from  Congo  red. 

Azo  Blue  is  formed  by  the  action  of  tetrazo-ditolyl  chloride  upon  /9-naph- 
thol-sulphonate  of  potash.  It  is  a  dark-blue  powder,  dissolving  easily  in 
water.  It  is  fast  to  acids  but  not  to  light. 

Supplementary  to  the  Azo  Dyes. — Tartrazin  is  formed  by  the  action  of 
two  molecules  of  phenyl-hydrazin-p-sulphonic  acid  upon  one  molecule  of 
dioxytartaric  acid.  Orange-yellow  powder,  easily  soluble  in  water.  It  is 
a  valuable  woollen  dye,  very  fast  to  light  and  fulling. 

Primuline  and  Ingrain  Colors. — Primuline  is  mentioned  here  because 
of  its  ready  convertibility  into  azo  colors  (ingrain  colors).  It  is  the  sodium 
salt  of  the  sulpho-  acid  of  a  sulphated  amido-  compound,  and  is  formed  by 
the  action  of  sulphur  upon  p-toluidine.  The  primuline  base  is  a  yellow 
powder,  very  soluble  in  hot  water,  and  dyes  unmordanted  cotton  direct  from 
a  neutral  or  alkaline  bath.  Its  great  importance,  however,  lies  in  the  fact 
that  as  the  sulpho-  acid  of  a  primary  amine  it  can  be  diazotized  (see  p.  391), 
and  then  is  capable  of  combining  with  the  whole  range  of  phenols  and 
amines  to  form  azo  colors.  These  operations  can  be  readily  carried  out 
upon  the  fibre,  whence  the  colors  so  obtained  have  been  called  ingrain  colors. 
This  diazotizing  and  developing  with  the  phenol  or  amine  may  be  effected 
upon  the  silk,  wool,  or  cotton  fibre  previously  dyed  with  the  primuline  base. 
In  this  way  yellows,  oranges,  purples,  reds,  scarlets,  maroons,  and  browns 
are  produced. 

4.  QUINOLINE  AND  ACRIDINE  DYES. — Quinoliue  Yellow  is  the  sodium 
salt  of   quinoline-phthalon-sulphonic  acid.      It  forms  a    yellow  powder, 
soluble  in  water  or  alcohol  with  yellow  color.     Used  for  wool-  and  silk- 
dyeing. 

Flavaniline  is  obtained  by  heating  acetanilid  with  anhydrous  zinc  chlo- 
ride for  several  hours  to  250°  C.  The  commercial  salt  is  the  hydrochloride 
of  the  base  so  obtained.  Was  formerly  used  for  wool-  and  silk-dyeing, 
and  for  cotton  after  mordanting  with  tannin  and  tartar  emetic. 

Cyanine  (Quinoline  Blue)  is  prepared  by  treating  a  mixture  of  quino- 
line  and  lepidine  with  amyl  iodide.  It  forms  a  fine  blue  color,  but  unstable 
to  light.  It  is  not  of  importance  in  textile  coloring,  but  is  used  in  the  manu- 
facture of  orthochromatic  photographic  dry  plates. 

Phospkine  (Chrysaniline)  is,  as  was  before  noted  (see  p.  392),  a  by-prod- 
uct in  the  manufacture  of  magenta,  but  is  probably  diamido-phenyl-acridine. 
The  phosphine  of  commerce  is  the  nitrate  or  chlorhydrate  of  the  base  chrys- 
aniline.  Used  at  present  chiefly  in  silk-dyeing. 

5.  ARTIFICIAL  INDIGO. — Artificial  indigo  is  not  manufactured  and  sold 
as  such,  but  what  is  known  as  "  propiolic  paste,"  which  is  a  moist  paste  con- 
taining a  definite  percentage  (usually  twenty-five  per  cent.)  of  o-nitrophenyl- 
propiol ic  acid  prepared  from  synthetic  cinnamic  acid.    Professor  Baeyer  found 
that  this  o-nitrophenyl-propiolic  acid  when  in  alkaline  solution  is  readily 
changed  by  reducing  agents,  like  grape-sugar,  milk-sugar,  sulphides,  sulphy- 
drates,  and   especially  by  xanthogenate,  into  indigo-blue.     The  reducing 
agents  act  already  in  the  cold  in  either  aqueous  or  alcoholic  solutions.     This 
"  propiolic  paste"  was  used  for  a  time  in  calico-printing,  being  printed  on 
the  goods  along  with  the  reducing  agent,  but  the  decomposition  of  the  xan- 
thogenate of  soda  develops  mercaptan,  the  unpleasant  odor  of  which  adheres 
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very  pei-HMeiitlv  to  tin-  <j""d-,  and  tin-  blue  ml«.r  i-    -li-jlilly  gray  in    -had. . 
It  ha-  theivf.iiv  hci-n  given  up  for  tin'  pivvnt.      A  nioiv  recent  -vnth. 

indigo  from   phenylglyoocoll   l>\   IV  llcumaim  ha-  nut  a-  \«-t  been 

develo |»cd    oil    a    mmmeivial    .-calc. 

»;.  ANTHRACENE  DYE-COLOR*     .\i>-.".  ///.-- Tin-  t. -nn  may  h«-  appli.d 

commercially  to  the  pure  di«»\  \  aiitlira<|uiin>ne  found  in  tin-  madd.  r-i  • -M  and 
made  artificially  from   the  anthraquiDOOe-IDOD06UlpboiUO  acid.  ,,r  t,,  ti 

triox van thraqui nones  obtained    from    the  inthraquinone-dieulpbonio  acid, 

and    known    more   accurately  a-   amhrajmi purin    ami    llavopurpurin.      Tin 
lir-t  "!•  true  ali/arin    is  tin-    blue   >hade   ali/arin.      Tin-    i-   a    \.11..\\    p. 
comini:  into  cnmmcrcc  a>  a  ten  per  cent.  <»r  tuenty  p. T  . . nt.  pa-ti  .      \\ 'In  n 
di-ied  and  suhlimed  it  forms  splendid  ..|-;iii-c-ivd  ,  r\  -taU.  m« -Itin-j  at  l'SO°  C. 
It  i>  iiisnluhlc  in  \\ater  and  >|»arini:ly  -clul.lc  mily  in  mid  almlml.     Sulphuric 
a<-id  di--i»lv.->  it,  and  on  diliitinL:  the  ali/arin  i-  |>i'cripitate<l  ajpiin  nm  h;; 
It  BCtB  B8  a  weak  acid,  and  forms  ali/arat« •>  with    the   alkalit-   and    metalli«- 
hydrate-. 

Anthr(tpurj)nrin  \  Isnpurpurin),  :i>  l.efon-  -tated,  i-  a  trio\\  anthraipii- 
none,  hut  is  generally  pn.dm-ed  al«.u-  \\ith  the  pi-e<vdin-  mmpnuud  in  the 
manutactui-e  of  commercial  ali/arin,  a-  hntli  the  iimiiM-ulpliuiiir  and  tlic 
disidphonic  acids  are  obtained  in  Bulphonating  anthnnpiinone.  Autlira- 
purpurin  is  ohtainwl  in  the  pureM  -tate  hy  inciting  pure  (J-anthra«piinour- 
oistuphonic  acid  with  can-tie  so<la  and  chlorate  of  pota>h.  It  m« -It-  at 
31)0°  C. 

Flavopurpurin  is  obtained  also  in  the  mannJbcUm  of  oonlmercta]  ali/- 
arin. and  can  be  prepaiixi  as  sole  product  1>\  melting  «-anthraquinone- 
(lisulphonic  acid  with  caustic  soda  and  chlorate  of  potash,  Forms  orange- 
colored  needles,  melting  at  over  300°  C.  A  mixture  of  anthrapnrpimn 
and  flavopurpnrin  with  little  ali/arin  cnn.-titutcs  the  commercial  \.ll-.\\ 
>hade  ali/arin. 

J'lirpurin  is  also  a  trioxyantha<|iiinone.  hut  dillcrs  in  its  mol<t-ular  tor- 
inula  from  both  anthrapurpurin  and  ilavojuirpurin,  and  i-  theret'ore  - 
tlu-ee  isomers.  It  is  not  a  constituent  of  commercial  artificial  ali/arin,  but 
is  found  accompanying  true  ali/arin  in  the  madder-root.  It  forms  red 
needles,  beginning  to  sublime  at  150°  C.  and  melting  at  -  (  It  is 
soluble  in  boiling  water  with  dark-red  color. 

Alizarin  Ortimjr  (Xitroali/arin)  is  formed  from  ali/arin  by  the  action  ,,f 
nitrons  acid,  or  by  the  action  of  nitric  acid   of  42°  H.  upon  ali/arin  sus- 
pended in  glacial  acetic  acid.      It  forms  a  yellow  pa.-te  of  t\\ent\    per  cent. 
dry    material.      Aluminum   salts   form   an   orange  color,   chromium    • 
brown-red  shade.      Used  with  silk,  wool,  and  cotton. 

Alizarin  llliic  is  a  dio\\  anthraquinone-<juinoline,  and  is  made  by  heating 
&-  nitroali/arin  with  glycerine  and  sulphuric  acid  to  IMI  ( '.  Dark-blue 
powder,  almost  insoluble  in  water.  Hence  is  u.-cd  either  by  reduction  \\ith 
/inc-dust,  grajH'-sugar,  <»r  similar  reducing  aijcnt  and  -.ul»r«|U«  nt  atnm<- 
pheric  oxidation,  as  in  indigo-dyeing,  or  by  formin-  a  -«.lul»le  compound 
with  alkaline  bisulphites,  designated  as  Alizarin  /.'  x.  Thi>  latter  i- 
niuch  faster  to  li^ht  than  the  original  col«»r. 

Anthi-ar,  „<•  /;/•/,//-,/  (Anthragallol). — It  is  inrm^l  by  beating benzoio and 
gallic  acids  with  concentrated  sulphuric  acid,  or  by  heating  pyro«rall«»l  with 
phthalic  anhydride  or  zinc  chloride.  It  COfflCfl  into  i-..mineroe  as  a  dark- 
brown  paste,  and  yields  very  last  shade-. 

7.  MISCELLANEOUS  COLORS. — (rW/o/fr/n/i  i>  formed  by  the  atmospheric 
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oxidation  of  gallic  acid  in  alkaline  solution.  Forms  a  dirty-yellow  paste, 
insoluble  in  water  or  hydrochloric  acid.  Wool  mordanted  with  chromium 
salts  takes  a  color  resembling  that  obtained  from  fustic. 

Ganarin  (Persulphocyanogen)  is  a  color  obtained  by  the  oxidation  of 
potassium  sulphocyanate.  It  is  an  orange-yellow  powder,  insoluble  in 
water  and  alcohol.  It  is  used  for  cotton-dyeing  and  for  producing  com- 
pound shades  with  basic  aniline  dyes. 

Cachou  de  Laval. — This  name  is  given  to  the  alkali  salts  of  very  com- 
plicated compound  mercaptan  acids.  The  shades  obtained  vary  from  gray 
to  brown,  and  can  be  used  to  form  compound  colors  with  artificial  dye- 
stuffs  and  with  dye-wood  extracts. 

IV.   Analytical  Tests  and  Methods. 

In  this  section  it  is  not  the  intention  to  exhaust  the  subject  of  the  chemical 
examination  of  coal-tar  colors,  but  to  briefly  indicate  the  more  important  and 
characteristic  tests.  The  complete  chemical  analysis  of  the  artificial  organic 
dyes  is  very  seldom  resorted  to,  the  analyst  usually  determining  the  identity 
of  the  coloring  matter  by  means  of  the  tabular  schemes  which  have  been 
published  from  time  to  time  as  new  products  have  appeared  on  the  market, 
and  estimating  the  moisture  of  the  sample  and  such  foreign  substances  as 
the  sulphates  of  soda,  and  of  magnesia,  salt,  sugar,  starch,  and  dextrine, 
sand,  etc.  Of  considerable  value  in  connection  with  the  above  is  a  dyed 
sample  of  cloth  or  yarn,  which,  although  not  strictly  a  chemical  test,  is  one 
of  equal  importance,  especially  for  the  information  of  the  immediate  user 
of  the  dye.  The  recognition  of  dyes,  either  by  themselves  or  on  the  fibre, 
is  often  desirable,  but  this  requires  considerable  care  and  judgment,  from 
the  fact  that  a  very  large  number  are  simply  mixtures,  some  with  as  many 
as  five  separate  dyes  ;  in  such  cases  the  task  is  almost  hopeless.  These  mix- 
tures are  sometimes  made  at  the  color  manufactory,  and  again  by  the  local 
agent ;  in  the  latter  case,  usually  to  supply  some  particular  shade  called  for, 
and  generally  without  any  regard  to  the  chemical  nature  of  the  constituents  ; 
this  indiscriminate  mixing  accounts  in  a  measure  for  the  streakiness  and 
uneven  effects  noticed  in  dyeing  piece  goods  and  yarn  with  such  colors, 
which  cannot  always  be  detected  by  dyeing  the  small  test  samples  in  the 
laboratory. 

Fastness  to  Light  is  determined  by  exposing  one-half  of  a  dyed  skein  or 
piece  of  dyed  cloth  to  the  action  of  direct  sunlight  for  a  definite  time,  say 
thirty  days  or  longer. 

Fastness  to  Soap. — A  piece  of  dyed  cloth  or  yarn  is  worked  in  a  neutral 
soap  lather,  washed,  dried,  and  compared  with  the  original. 

Comparative  Dye-trials. — For  this  purpose  vessels  of  glass,  porcelain,  or 
tinned  copper  are  most  convenient, — the  latter  is  the  best  suited, — and  if 
means  can  be  had  to  provide  heating  by  steam,  it  leaves  nothing  to  be  de- 
sired. When  several  comparative  dyeings  are  to  be  made  at  one  time  of  the 
same  class  of  samples,  one  equal  temperature  is  necessary. 

For  Wool  and  Silk. — In  either  case  it  is  best  to  use  a  vessel  containing 
about  one  litre.  From  twenty  to  twenty-five  grammes  of  wool  (yarn  or 
fabric)  and  about  five  to  ten  grammes  of  silk  answer  well  for  the  tests. 
The  quantity  of  dye  used  varies,  although  two  standards,  representing  one 
per  cent,  and  five  per  cent,  of  the  weight  of  the  wool  or  silk,  answer,  as  they 
give  two  shades  which  are  convenient  for  estimating  the  dyeing  value  of 
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:iiiple.      '!'<•  make  the    tWt,  lli«-  «•«.!,, r  i-  \\.-i.jh.d   ,.iit    ran  lulh  ,  wa-h.-d 

into  ili.'  d\e-hath  containing  water,  and  Im.ii-lii  to  tin-  boil,  into  which  the 

mati-rial,  pivviou>ly  wetted  out,  i-  im merged  and  kept  moving  alxiiit 
definite  tiiii.,  -ay  t\\.nt\  to  thirty  minutes,  or  until  tin-  hath  i-  « -\haii-' 
color,  \\licii  it  i-  withdrawn,  \\a-lnd,  dried,  and  th>  :  \\ith 

a  .-\\ateh  of  the   same  weight,  treated  im<l«  r  e\a»  tl\    tin-    -am«    « onditions  as 
t..  temperature,  time,  ,  to, 

To  d< termine  the  relative  dv.  in-  values  "i  ample*,  t\\"  -ohit 

of  e.jiial  value  arc    made  of  e.pial    (knowm   weight-  of    tin-   •  1    t\\«. 

dvfiiius  an-  made  a-  ahove,  <»nlv  adding  (lie  d\.-  -MlmiMii  t«.  th«-  hath  I 
|fl  it   i-  taken  up  hy  the  tahi'ie  ;   a  point   \\ill  h.    iva«-lnil  \\li.n  ii<>  i 
will  he  taken  up,  when  the  addition  muM  -top,  the  diHi-n-mv  in  tin-  viiliinii* 
of  the  solution  n-mainin^,  from  their  original  volume,  -i\,  -  tin   amount  used 
in  each  test  ;  and  as  the  strength  \\as  kn«.\\n,  the  relative  am..imt-  ah-.ilnd 
hy  tin-    tahric  «m    he   ealeulated.      The   ahove   applie^  e,juall\    to    -ilk. 
general  rule  ran  he  uiven  which  will   emhraec  the  applittitioii  <>t'  the  colors 
to  fihivs  in  te-tinu',  rd'cn-ncc  mu.-t  he  had  to  the  varioii>  classes  of  dyCB  and 

methods  in  Chapter  XIV. 

1-nr  Cotton. — Few  colors  are  directly  applicahlr  to  this  tihre  without 
previously  mordanting  it  with  suital>le  >iih>tan<TS  \\liich  will  cansc  the 
<x)lor  to  remain.  In  the  lahoratory,  a  «|uautity  of'  «-otton  i-  taken  i  \arn  or 
.  hoiled  well  in  water,  and  immei>ed  in  a  live  per  cent.  -«-lutioii  of 
tannin  for  about  twelve  hours,  when  it  i>  removed  and  hoiled  in  a  hath  con- 
taining two  and  a  halt'  per  cent,  of  tartar  emetic  for  thirtv  to  torn-live 
minutes,  washed,  dried,  and  kept  for  IM-.  i<)ther  mordants — './/..tin,  iron, 
alumina,  etc. — are  used  according  to  the  kind  of  work  done  in  the  estab- 
lishment.) In  the  matter  of  printed  Lr»"<K  swatches  of  cotton  cloth,  mor- 
danted on  one  pieee  with  several  bases,  are  made  hy  the  printer,  and 
are  then  pa— ed  through  one  solution  of  color,  and  th-  .in  he  conveni- 

ently noticed. 

For   Woollen   Yarn  Printin;/.—  Pa-te-  are  made  up  of  the  color  in  var\ - 

lengths  with  starch  or  flour,  and  with  Hteh  a— i-tants  as  may  1 
quired,  such  as  oxalic  or  tartaric  acid-,  -tannoiis  chloride,  etc..  in  the  fol- 
lowing manner:  Five  grammes  of  color  are  taken  and  mixed  with  a  little 
water  containing  dextrine  or  glycerine,  and  this  is  made  up  to  live  hnndr.d 
cuhic  centimetres  with  a  paste  of  flour  (one  pound  JKT  niton).  Twenty  or 
thirty  strands  of  yarn  about  a  metre  Ion-  are  taken,  held  at  one  end,  and 
the  color-paste  rubbed  well  in  for  a  span-  «»!'  ahout  six  inches  with  a  glass 
rod  or  spatula  ;  one-tenth  of  the  oolor-paste  i>  emptied  out,  and  the  remain- 
ing is  diluted  again  to  five  hundred  cuhic  eentimetre>.  and  this  is  tin  n 
applied  to  the  yarn,  leaving  a  space  of  an  inch  or  so  from  the  tir-t.  The 
diluting  operation  is  continued  so  that  the  printings  on  the  yarn  will  r.-pr.  - 
sent  color  in  the  proportion  of  1,  .!),  .8,  .7,  etc.,  .jiving  a  range  of  shades  of 
one  color.  The  yarn  so  printed  is  then  steamed  for  ahout  twenty  to  thirty 
minutes  under  pressure,  or  longer  without  pressmv.  washed,  and  dried. 
This  method  is  of  much  value  in  matching  and  valuing  .-hades  in  tapestry 
carpets. 

By  Colon  met, -ii. — This  method  involves  the  use  of  two  gniduat.il  gla.-s 
tubes,  closed  at  one  end,  each  of  the  same  diameter,  thickness,  and  length. 
The  standard  sample  of  dye  being  weigh* -d  and  dissolved  in  water,  is  poured 
into  one  tube,  while  an  eciual  weight  of  the  sample  to  be  tested  is  poured 
into  the  other,  and  by  holding  the  tubes  to  the  light  the  depth  of  color  is 
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seen.  If  one  is  darker  in  shade  than  the  other,  it  is  diluted  until  the  shades 
are  equal,  when,  by  knowing  the  number  of  cubic  centimetres  of  water 
added  to  equalize  the  tint,  the  relative  strength  of  the  dyes  can  be  ascertained. 

Mixtures  of  Dyes  can  be  detected  by  sprinkling  some  of  the  powder  on 
the  surface  of  distilled  water,  and  noticing  the  color  of  the  streaks  formed  as 
the  particles  subside,  or  by  dissolving  the  dye  in  a  little  alcohol  and  water  con- 
tained in  a  small  evaporating  dish  or  beaker,  and  immersing  therein  the  end 
of  a  strip  of  white  blotting-paper,  when,  in  the  case  of  mixtures,  several  dif- 
ferently-colored bands  are  seen  on  the  paper,  owing  to  the  fact  that  the  con- 
stituents of  the  mixture  do  not  always  possess  the  same  degree  of  capillarity. 
These  bands  can  be  cut  off  and  separately  tested  by  proper  reagents  according 
to  the  scheme  for  identification  of  dyes  following.  Fractional  dyeing  has 
also  furnished  information  of  value ;  usually  wool  or  silk  being  employed. 

Identification  of  Coal-tar  Dyes. — Weingiirtner's  comprehensive  tables, 
which  follow,  affords  means  of  determining  the  group  to  which  a  sample  of 
dye  under  examination  belongs.  The  dyes  are  divided  conveniently  into 
two  divisions,  basic  and  acid  coloring  matters,  and  the  latter  into  soluble 
and  insoluble  in  water. 

I.  The  Dye  is  Soluble  in  Water. — Add  a  few  drops  of  a  solution  of  tannin* 
to  a  solution  of  the  dye,  and  note  the  formation  of  a  precipitate,  after  heating. 

A.  Precipitation  takes  Place. — The  color  is  basic. — A  small  quantity  of 
the  original  color  is  dissolved  in  water,  and  reduced  with  hydrochloric  acid 
and  zinc-dust,  rapidly  filtered,  and  neutralized  with  sodium  acetate ;  small 
strips  of  filter-paper  are  immersed  in  the  solution,  and  exposed  to  oxidize. 


THE  ORIGINAL  COLOR  REAPPEARS  ON  THE  PAPER. 

The  original 
color  does  not 
reappear. 

Reds. 

Oranges  and 
yellows. 

Greens. 

Blues. 

Violets. 

FUCHSINE, 

PHOSPHINE, 

MALACHITE 

METHYLENE 

METHYL  VIOLET. 

CHRYSOIDINE. 

MAGENTA, 

CHRYSANI- 

GREEN.    VIC- 

BI.I-K. With 

S^^fphunc  acid 

Color,  orange. 

ROSEINE. 

LINE.    With 

TORIA  GREEN. 

sulphuric 

causes  a  yel- 

In sulphuric 

With  sul- 

sulphuric acid, 

With  sulphuric 

acid,  green. 

lowish-brown 

acid,  dis- 

phuric add, 

reddish-yel- 

acid, yellow, 

Caustic  soda 

coloration  ;  on 

solves  to  a 

brown. 

low  precipi- 

on diluting 

causes  vio- 

dilution 

brownish- 

NEUTRAL  RED. 

tate.    Green 

with  water, 

let-black 

changes  to 

vellcw  solu- 

With sul- 

fluorescence. 

green.  Ammo- 

precipitate. 

green  and  vio- 

tion. 

phuric  acid. 

Caustic  soda, 

nia  causes 

NKW  BLUE. 

let-blue. 

VKSUVINE. 

green.   With 

light-yellow 

gray  or  red 

With  caustic 

NEUTRAL  VIO- 

Color, brown, 

caustic  soda 
solution,  yel- 

precipitate. 
Soluble  in 

precipitate. 
BRILLIANT 

soda,  blue- 
black  pre- 

LET. Sulphuric 
acid  causes 

upon  silk, 
orange.    In 

low-brown 

ether  with 

GREEN.    With 

cipitate. 

bright  violet 

sulphuric 

precipitate. 

green  fluores- 

sulphuric acid. 

MtTSCARINE. 

color;  on  dilu- 

acid, soluble 

SAFRANINE. 

cence. 

same  as  above, 

Caustic  soda 

tion  changes 

to  a  pale 

With  sul- 

FLAVANILINE. 

color  reap- 

causes 

to  blue. 

liquid. 

phuric  acid, 
green.  Caus- 
tic soda, 
brownish- 

With  sulphuric 
acid,  dirty  yel- 
low precfpi- 
tate.   Soluble 

pears  slowly. 
Ammonia,  lit- 
tle or  no  pre- 
cipitate. 

brownish- 
red  precipi- 
tate.   With 
tannin. 

MAUVEINE. 
Sulphuric  acid 
causes  gray 
color;  on  dilu- 

AURAMINE. 

Color,  yellow. 
With  alkalies, 
white  pre- 

red precipi- 

in ether  with 

METHYL  GREEN, 

indigo-blue 

tion  changes 

cipitate. 

tate. 

blue  fluores- 

PARIS GREEN. 

precipitate. 

to  light  blue- 

On  warming 

cence. 

With  sulphuric 

and  violet-red. 

with  sul- 

acid, same  as 

AMKTHYST. 

phuric  acid, 

above,  color 

Sulphuric  acid 

solution  de- 

not reappear- 

gives green 

colorized 

ing  on  dilu- 

color; blue  on 

VICTORIA 

tion.  Ammonia, 

dilution. 

BLUE.  Color.  | 

solution  de- 

blue.    In  sul- 

composed, no 

phuric  acid, 

precipitate. 

brownish- 

red,  changes 

to  bluish- 

green. 

*  Twenty-five  parts  of  tannin,  twenty-five  parts  of  acetate  of  soda,  and  two  hundred 

fift.v  t-»»rt<;  of   wsitPi- 


and  fifty  parts  of  water. 
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II.   The  Dye  is  Insoluble  in  Water. — Treat  with  a  five  per  cent,  solution 
of  caustic  soda. 
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»f   I  hfcx.  —  ('/tiiinit-  n.,(   uitliin   \ 

of  this  \\ork.     Proximal*  <//<*////>•/*  i>  constantly  raorted  t-.,  ami  eml 
the  determination  of  tin-  /  <////«/•<//  /N«//>»/-,  *<///*,  atarchen,  • 

•  nniniiti',1,    of    Mitistni-f.  —  Our    to    three    gramim  -    «.f    th.-    •     luring 
matter  aiv  uei-hed   in  a  -hall..\\    p,,ivelai  .....  •  platinum  di-h,  and  - 

a  temperature  of  n»i>    t..  106    <  .  in  an  afa-batb,  allowtd 

cat..!-,  and  weighed  again,  the  ditlerrm-e  j..  niMi-tmv. 

oluhlc   .I/"////'.—  The  dried    residue    In.  m    th.-   aU.v   i-  d    in 

water,    \\armed    t<>    facilitate   solution    if    m-r.-siry,   ami    tillered    through   u 
small    tared    filter,  washed    until    no  rolor   remain-,  di  i.  d.  C.M,|,  d  in  a  (lesio- 
.at..!-,  an<l  wciulu-d.      1  1'  </«  ./•//•//».    i-   pn-.-nt,   it  will    IH-  n.»tir,<d    in   th 
1»\    it-  nd-.r. 

'//////  (  'li/ori'f.  ((  '..iniii  -Thi-  i-  usually  <l«-t.-niiiin-<l  liy  i\'.' 

ul'  silvrr,  l»nt  a-  many  dy(-  miitain  chhiriur  in  the  mult-nil.-,  tin-  aildition 
nt'  this  ivn-nit  dii'cctlv  t<»  tin-  -nlutidi  i-  i  iiadin  i—  i  Mr.  Salt  <-.in  U?  cstl- 
matrd  indirectly  l>y  cal.-iilat  iii^  tr.»m  the  aiimnnt  <>t'  dilorinr  tuiind  in  the 
a-h  Irtt  upon  iirnitini:  >mnr  of  thr  dyr  l.y  di-nlvin^  in  \\at«  r.  filtering  I 


move  any  in>..lnMr  matter,  acidulatin     with  a  feu  dn.p^  ,,f  ninic  :I,  -id.  and 

en  l...il 


adding  nitrate  of  silver  to  complete  preeipitation.  Then  l...il  t',,i  a  I.  u 
and  filter,  wash  well  with  warm  water,  dry  on  the  filter,  rODOVC  MM-  j»n- 
eipitate  earefnlly,  and  ignite  the  filter  -eparately,  when  <•.».,!  add  ,,n,  ,,r  two 
drops  of  nitric  acid  and  a  drop  of  hydrochloric  acid,  i-nit*  Utfuin,  and  add 
the  main  hulk  of  the  precipitate,  and  ignite  until  tl,  U-^in  \»  tn^-, 

cool  in  a  desiccator,  and  weigh  the  chloride  of  silver,  from  \\hieh  .:in  U- 

calculated    the   percentage   of   >alt.       Allen   stato    that    chlorine   >o    found 
probably  existed  originally  in   the  dye  a-  common    -alt.      Another  ni' 
which  (Joes  not  answer  in  every  case,  i-  to  acidulate  an  a<|UCMii>  -..luti..n  «.f 
a  known  weight  of  the  dye  with  sulphuric  acid,  agitate  \\ith  -everal  changes 
of  ether  until  all  the  color  has  been  taken  up  from  the  ai|iimn*  Dilution  in 
which  the  salt   remain-,  separated  by  a  tap-funnel,  when   it  can  U-  pi 
tatcd  and  e-timatcd  as  usual. 

*n/jt/i<tte  O/"  /Sorf  turn  (Glaubert  Salt)  in  the  anhydrous  conditinn  in  an 
admirable  adulterant  for  light-colored  dyes.  By  adding  a  hot  solution 
of  barium  chloride  to  an  acidulated  (hydrochloric  acid)  solution  of  a  d\e 
which  is  siilplionated,  and  contains  an  admixed  sulphate,  a  precipitate  ••!' 
l>arium  sulphate  and  barium  sulphonate  \\ill  U-  formed,  thi>  i-  fdtere<l  and 
well  washed  with  water,  ami  treated  with  a  solution  of  ammonium  carbonate, 
the  Sulphonate  Will  be  con  verted  into  barium  carbonate  by  dceoiu|M»sition  ; 
upon  adding  dilute  hydrochloric  acid,  the  carbonate  di—  ol\v^  while  the  -ul- 
phate  will  remain  unchanged,  wash  with  warm  water,  dry,  detach  from  the 
filter,  ignite,  and  weigh. 

SulpJutU  <>f  Magnesia  (  Kpsom  Salt).—  This  bmly  is  to  a  considerable  .  \- 
tent  employed  a-  an  adulterant,  and  a-  ma-uesium  i-  m-ver  a  chemical  c«.n- 
stituent  of  tar-dye-,  it-   piv-encr  in   the  a-h   i-  conclu-ive.      Tin-  «>timati«»n 
is  carried   out   by  igniting  the  dye,  di--..l\  ing  in   dilute   hydnK-hlori« 
filtering   if  neeessarv,   ad«linu   ammonium   chloride  and   a   .-!:. 
ammonium  hydrate,  and  finally  a  -nlutioil  of  sodium  ammonium  phosphate, 
stirring,  care  'being  taken   to  prevent   the  glass  rod   tisx-d  from  rnbbii 
sides  of  the  beaker,  and  allowing  t«»  stand  overnight,  filter,  \\a-h,  dry.  ignite, 
and  weigh  as  magnesium  pyrophosphate 

OarSonaUs.  —  Indication  of  piv-ence  by  etl'erve-.-iiiL:  upon  addition  of  a 
dilute  acid.  Estimated  by  use  of  one  of  the  forms  of  carb<  mic  acid  apparatus. 
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Dextrine. — This  substance  is  estimated  by  weighing  one  or  two  gramme* 
of  the  dye  in  a  small  tared  beaker,  provided  with  a  glass  rod.  The  dye 
is  dissolved  in  a  little  water,  and  absolute  alcohol  added,  when  the  dextrine 
will  be  thrown  down,  and  adheres  closely  to  the  glass.  The  contents  are 
emptied,  and  the  glass  rinsed  two  or  three  times  with  alcohol,  dried,  and 
weighed. 

Starch. — The  presence  of  this  substance  must  not  l>e  taken  as  an  adulter- 
ant in  every  case  it  is  found  ;  owing  to  its  peculiar  properties  it  acts  as  a 
drier  or  absorber  of  moistness,  and  hence  prevents  the  caking  Of  the  dye. 
By  dissolving  a  quantity  of  the  dye  in  water,  and  allowing  the  solution  to 
stand  in  a  conical  glass  for  a  while,  any  starch  present  will  subside,  the  clear 
liquid  is  poured  off,  and  the  residue  repeatedly  washed  with  distilled  water 
and  alcohol  until  no  color  remains,  it  can  then  be  examined  with  the  micro- 
scope ;  a  drop  is  placed  on  a  slide  with  a  drop  of  water,  the  cover-glass  put 
on,  and  a  drop  or  two  of  iodine  solution  placed  on  the  edge,  and  allowed  to 
displace  the  water  by  the  aid  of  a  piece  of  filter-paper  opposite  the  iodine, 
will,  if  starch  is  present,  develop  the  characteristic  reaction, — blur. 

Sugar. — Estimated  as  for  dextrine;  the  alcohol  used  .-hould  l>e  situ- 
rated  with  sugar.  Sugar  can  be  estimated  in  dyes  by  precipitating  the  col- 
oring matter  with  basic  acetate  of  lead,  and  proceeding  a-  for  raw  sugar 
with  the  polariscope  (see  page  150),  or  by  inverting  and  estimating  with 
Fehling's  solution  (page  152). 

Sand  and  Iron  Filings  are  gross  adulterations  occasionally  met  with  in 
dyes  from  unprincipled  dealers.  Their  presence  would  have  IXH-II  noticed 
tinder  the  insoluble  matter  determination.  Iron  filings  can  be  easilv  deter- 
mined with  a  magnet. 

A  careful  microscopic  examination  of  ground  and  crystal li/nl  dyes  will 
throw  much  light  on  their  preparation;  bronze-powder  and  >uurar  crv-tal- 
have  been  thus  found. 

Paste-dyes,  etc.,  are  best  estimated  by  evaporating  a  weighed  quantity  to 
absolute  dryness  in  a  small  glass   mortar,  grind  thoroughly,  add 
and  filter  through  a  tared  filter,  wash  with  water,  dry,  and  weigh.       It'  this 
is  not  done,  trouble  will  be  met;  paste-dyes  not  filtering  well    it'  simplv 
diluted  with  water. 

The  Examination  of  Dyed  Fibre*  can  well  be  accomplished  by  the  aid 
of  the  following  table,  which  is  adapted  from  those  of  Hummell,*  of  R. 
Lepetit,f  and  of  Lehne  and  Rusterholz,J  and  embraces  a  major! tv  of  tin- 
more  important  coloring  matters  which  have  found  application.  "There- 
agents  employed  are  hydrochloric  acid  (HC1),  concentrated,  21°  Brauin.'.  and 
dilute,  one  part  of  acid  21°  B.  and  three  parts  water;  sulphuric  i\M 
(H^OJ,  concentrated,  66°  B.,  and  dilute,  one  part  of  acid  66°  B.  and  Im- 
parts of  water;  nitric  acid  (HNOA  concentrated,  specific  gravity  1.1<». 
dilute  one  part  of  the  strong  acid  and  two  parts  of  water  ;  caustic  so/hi  solu- 
tion (NaOH),  concentrated,  38°  B.,  and  dilute,  one  part  of  the  sti-mnr  solu- 
tion and  ten  parts  of  water;  ammonia,  specific  gravity  .960;  alcohol 
ninety-six  per  cent. ;  stannous  chloride,  tin  salt  (SnCl,  +  2H2O),  and 
centrated  hydrochloric  acid  equal  parts;  acetate  of  ammonia  solution,  l.v 
neutralizing  ammonia  with  pure  acetic  acid  and  bringing  exactly  to  5°  B. 

*  Hummell,  The  Dyeing  of  Textile  Fabrics,  London,  1885. 

lnd''  voL  viii'  P-  773  (frora  Z6'*-  f-  an^ew.  C 
J  Furber-zeitung,  1891,  HeOe  11,  13,  etc 
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The  initials  or  names  in  parentheses  following  the  names  of  the  dye-colors 
are  those  of  the  manufacturers  who  furnish  the  particular  dyestutf,  and  will 
be  readily  understood  by  those  accustomed  to  handle  these  wares. 

A  separate  column  has  not  been  made  for  nitric  acid,  but  where  its 
action  is  distinctive  it  is  noted  under  the  head  of  remarks. 

Method  of  Procedure. — For  the  testing  with  concentrated  acids  and 
caustic  alkalies  small  watch-crystals  are  most  advantageously  used.  These 
are  then  placed  upon  white  paper  in  order  to  be  able  to  observe  carefully 
the  changes  of  color.  The  concentrated  acids  are  most  conveniently  dropped 
from  small  dropping  tubes  or  pipettes,  so  that  they  can  be  added  drop  by 
drop  until  the  fibre  is  completely  covered.  After  addition  of  the  acids 
four  to  five  minutes  are  allowed,  and  the  action  is  then  noted.  The  watch- 
crystals  are  then  heated  carefully  by  using  a  very  small  flame  or  placing 
them  upon  a  steam-coil,  but  the  liquids  upon  the  watch-crystals  should  not 
be  allowed  to  boil.  After  waiting  a  few  minutes  and  allowing  them  to 
cool,  water  is  added  to  the  contents  of  the  watch-crystals. 

All  the  other  reactions  of  the  tables  are  carried  out  in  test-tubes.  The 
fibre  is  placed  in  the  test-tube,  covered  with  the  reagent,  and  allowed  to 
stand  for  several  minutes,  then  treated  without  quite  bringing  the  liquids  to 
the  boiling-point,  when  the  action  is  carefully  noted.  Finally  the  liquids 
are  boiled  for  a  short  time.  The  solution  is  then  poured  off  and  caustic 
alkali  or  acid,  as  the  case  may  be,  is  added,  and  any  change  carefully  noted. 
After  the  tests  with  concentrated  hydrochloric  or  sulphuric  acids  the  fibres 
are  well  washed  with  water  in  order  to  observe  whether  the  original  color 
is  thereby  restored. 


408 


THE  ARTIFICIAL  COLORING  MATTERS. 


| 

PQ 


a 


0  a 

s  § 


1 

52;    i 

I— i          <U 

PH     5 

O     s 

o  i 

0  4 

§    I 

s  £ 

O     « 

e! 
P 

ft      gL 


& 


ft  if  JI!  ! 


8>g 

•so^ 

CCAJ  o> 
g'TW 

£<"§ 

£52 
C^S 

i^ 
111- 

o 


W! 

^12  ! 


•^**%*£*£*2&*Jl$s* 

=  5-lls|tfS5|  S-glJiJ 
'%"&*-  $**~  §*•*=£** 


*i  § 
-»-»  •*-» 

;s  w  c, 

"S^  o 


2    Ic 
«    s5 


x  o 
H 


s|     s^s 

t.-0          c=  M 
C  J2  fc  ai"C 


1  il 


-5  - 


82        "So 

|s     •; 

§5         £S 


•°    .2 

c     £ 


a!  u  k  ^  O  &-J^  QaB^ioS^'V  — 

^Il§°8.e?|^sl§2|| 
5g85«i58^5S§^Jg 


.t;  i^scs 

?  S5P.S 

s  sfii 

1  S-s^5 

S  S 


^SXfO 
fc 


«•?§ 

«c° 

1ISS 

£xS3 


•ll    jLtfl 

IQ-O   ,        «  aj  4_, 
-i-S  -Sse?^ 


03  B<?       •«         «  — 


1 1. 
sSo  g 

£^c    a 
C™«     2 


s.  ? 

«  C? 


, 


la 


ANALYTICAL  TESTS  AND  METHODS. 


409 


3E 


a 


aj      "O  c5« 

3   IjSs 


ill 

X.      £ 


SS 

OB 

gf 

*5I 

|H 


1  pi!  ill! 

S  » 

Sl<i:i11llii'i 


•£i?!!h!j!!!t! 


Jsi.i 

x.       x. 


^.x. 


§       s 

ll  1- 

2^    £ 


!    I 
Hi   I 


2 

|| 


5. 


IlII   III!  illl 

^*"  £  £ 


i     s 


s  — 

It 

E 


ll 


Hi 


410 


THE  ARTIFICIAL  COLORING  MATTERS. 


ttle 
uid 


ot  water  containing  a 
NH4OH  extracts  a  pink 
from  soluble  eosins. 


«6t     ISP  .5^0^ 
•  ££    Ba|-S?sS 

IS  5!-5fl 


IE«  «2 

2  8-c  ^  g 

.•^^20  0  is 

55       PH  H 


il   lillli 

«          ^    «« 


?|8 


S8S 


iflJ  ^ir 

- 


III! 

PH 


!•  I 


HIE 


(M  "  .12  fe    W    M 

aS-0     £S£. 


7     fc 


•§si 


S°;t    «    —.££3 


e 


8 


S        2! 


So 


m    «i 


11 

I! 


M 

p 

PH 


II 


PH  PH 


ANALYTICAL  TESTS  AND  METHODS. 


Ill 


Niln< 
ing  on  cooling. 

Nitruus  acid,  no 


violet  spot,  w 
ht  yellow. 

same  as  for 


Nitric  acid  giv 
changes  to  b 

With  nitric  ac 
let  2R. 


7^3 


21 


sls 


-;  = 


= 


ill 


sii 

5SI! 

^ss? 

Q         55 


Ilil 


I  fitirf 


d  = 
« 


33  TO 


S 

1 


1 


?j 
ft 

if 


i! 
il 


I 
1   f 

1 


I 


* 


a 


i 


l    II 


|  ! 

E    x 


C 


i 

L 


- 

s^ 

tfia 

-;5  = 

B 


.  il 

l.  «; 


«        K 


sl 


i 


li  H 

•--  S2 

- "  £ 

il 

8-  £ 

I1  I 

I.  i 

II  £ 

S-e  2- 

r  1; 


I 

" 


W 

i?§ 


-< 


412 


THE  ARTIFICIAL  COLORING  MATTERS. 


CS      •ooj 


g.25     I 


g 


1 

_= 

"•£ 

a 

o 
O 


^ 
I 
I 

^3 

ss 
« 

S 

i 


-a-o 


ll 

II 
g£S  s 


IS 


,- 


«  . 

1S1.S     1    111  §1.2 

Oo—  ^~O'""O 


| 

& 


i 

Jz; 


: 

•2 


ti 

s? 


a-^        or-'        >~o^ 


4 


oo      o 


coP5 


1    Is 

^ 


Hi  II 


a 

i! 

Q 


ii. 


1  it 

PQfaS 


iliill 


ill 


lit! 

1.1  1=  „• 

iiiii 

liii! 

' 


a* 

it 

1 


E  OF  COLOR 
MATTER. 


ci      co 

56 


as      os 
OO 


ANALYTICAL  TESTS  ANI>   METHODS, 


1 1    -I 

i  ??  5 

! 

i  s*  *! 


*•> 

ill 

-  tt  .r:  •=     S  s  >» 
X.      X.          X. 


. 

~  ~  ~~  •=•     £ 
^  ^- 


fe 

« 


It     lit 


E-s 


So 

K 

J*5 


1? 
*^ 

O-G 

R 

s« 

H 


I 

tt 


I 


P« 


i  i 


a    -a  - 
K 


ii 


•5  » 


<r 


i 


w  i  is 

P8I  r 


B' 

^'i^Ji^-Z-' 

£  X  X         X. 


1! 

a 


3 

H 


ill  tfjjj 

—   .-r      ij:  -  i- 

.     -  -.  . 

zT~  ^ 

£—. 


ggsa  s|S  3|   ;=i| 

ffi  VA  tl  : 

5  £ 

Ir  •  i  •- 


n 


11  Htiii 


414 


THE  ARTIFICIAL  COLORING  MATTERS. 


•s  I 


Iss- 

i     i 


id,  green  spot. 
g-  powder  change 
and  finally  decolo 
n  it  is  faster  than 
resisting  action  o 
and  weak  bleachi 

ors  change  color  of 
olate-brown. 


ric  a 
ach  in 
reen, 
cotto 
es, 
ht, 
r. 
v 
h 


:: 

•c3g5spS5~w 

.-^^  bC-SSTJO  aS 


A  1>*O 

Isl 


»    pp 


M'P 


- 

lllls  11 


I 


i 


a? 

03 


a 


C  OJ 

1.2 


II 


•S  , 

Pa 

£tfft 


l 


in 


j=™« 
=-§2 

iii 


ng  wit 
H  ;  the 
issolv 

k. 
fibre  blue 


re 

bl 
d, 


saS'O 
§<*JS 

iyi 

118! 

lSlg.S.2 
a          C5 


I 


02    O 

it 


1 

•81; . 

^fl 


o  - 
*o    - 

.0-.3S 


.'I 


III! 

Ills 


ANALYTICAL  TESTS  AND  Ml.  I  I !<>!>-. 


n  r, 


1 


•;,- 

If 


>.sc 

^1 


H  = 

If ! 
|l  s 
If  «{jj 

HSU 


I 


£_ 

£3 


—  t-   -^  Z   _   =«•      J3i(  —  •— 
ii  —  x  S  S    •    4)^3aS> 

Ilgilslslsl 


isls 

|S| 

lit 

fa 


11! 


ii 


i 


Illil 


1 


*        -i 

I   lit 


=   i 

1       s* 

c< 
C  i-r 


•1=    it  i 

igg         ww     o> 

;- 


-- 
id 


;J'  1  P 


I 


416 


THE  ARTIFICIAL  COLORING  MATTERS. 


M 

§  be 

<p 

3 

•a 

1:1 

J 

i 

cj 

a> 

2 

11 

1 

> 

c 
KB 

2*3*  C 

aS 

jS 

2 

02 
M 

03 

€^2 

O  ^J 

? 

,0 

•6 

od 

. 

•  •  S 

w  D 

i 

c 

S 
<i> 
P4 

~  7 

it 

111 

III 

111 

c  acid,  brown 
dye  is  a  mixt 

| 
fo" 

1 

o  . 

1 

o 

-S'3 

£3  § 

5-2 

'C 

B 

s 

3 

£H 

S3 

2 

"o 

•g 

1 

Is 

g 

§ 

o 

8 

o 

1^ 

I 
o 

o  reac 

1 

o 

55 

55 

£4 

A      Aig 

3 

5 

!||k 

j  =  fe 

1^ 

t. 

1 

o 

3 
CO 

|ii 

llllll 

K 

I-5 

|g| 

III 

E 

<•*> 

*L 
^ 

1 

reaction. 

reaction. 

reaction. 

reaction. 

o 

*% 

£ 

o 
55 

o 

^o 

o 
S5 

^ 

30J 

•2-d 

3 

~  3 

11 

ll 

1 

B'CJ*J5 

W 

,  -0.2 

ro' 

^  "~  a  3  5 

i 

3  gJj'S 

| 

=  be  a, 

C       §£ 

^3"°  °  §  ^ 

1 

S§  = 

o 

gSe 

g2 

Cg2'|ii>i 

g^ 

0 

g** 

1" 

5  o  8'>.5'> 

i 

s 

•d"  . 

| 

bb 

3 

df 

1 

1 

SI 

2? 

"3 
1 

1 

s 

a. 

a, 

— 

a  G 

T3 

a 

K 

S 
§ 

0) 

i 

Hi 

•2i& 

ii 

0 

S 

TO 

<2 

h 

E 

5 

. 

£•—&    ~. 

_c- 

0 

3 

^  3,  « 

I'i'is  1 

11 

"3  s' 

<2«'3 

c-^J 

C   kjo  x   "^ 

S&g 

11 

5"&5 

o 

a 

loi 

c  3 

ft 

111 

3  '^  3 

.2  S  ^  ^  -^ 

*o  5P 

3S    -    . 

^  3  9^ 

^  S  ^  M  ^ 

g>5 

^  S 

0>  9  S  fl 

•0*^  bfl 

oJ=2'3  i 

5  o 

p^ISs 

£ 

55 

£ 

£ 

£ 

i 

s 

. 

til 

tJ 

I 

a 

& 

zed 

J 

0 

« 

if 

N  BL\C: 

o 

A* 

<^ 

J  S 

2s 

31 

H 

H^' 

g 

5 

1s 

Z 

<i 

I 

ii 

55 

55 

& 

BIBLIOGRAPHY  AND  STATISTICS.  417 

V.   Bibliography  and  Statistics. 

BIBLIOGRAPHY, 

1868.—  Aniline  and  its  Derivatives,  Reimann,  translated  by  Crooket,  Loi, 

Couleurs  d1.  \nilirm,  d'Acide  pheni«jii.  ,  <-tr  ,  Tb.  Chateau,  Pan*. 
1870.—  Das  Naphthalin  und  seine  1).       v      M     i.  ,llo,  Braun* 

D'n-  kun>tlirh  rr/.cuLCtcn  Farlwtoffe,  P.  Bolley,  Brauitiu'hwcig. 
1873.—  Die  Furbstott'e,  1'.  Schiit/.«-nh.-ri,nT,  u.-l,.  :  .     -,  hroeder,  2ta  Auf.,  2  Bd«., 

Berlin. 

1874.  —  Die  kiinstlich  erzeugten  organ  ix-h-  -n  I  |    K<>|>|>.  Braunschweig. 

—  Die  Fabrikation  der  Anilinnirl»t<»tl'r,  i-tc..  .1.  IJ.-r-ch.  I 


Die  Theertarhstntl'.-.  ihn-  l>:tr>ti>llun<;  und  Anwi-ndiin^.  tinky,  Leipzig. 

1879.  —  History  of  Aniline  and  Allied  Oolonng  Matt        \\    n    I'crida,  LOMHL 

Les  Matieres  colorantes  artiticiellfs,  A.  Wurtx,  !':> 

1880.  —  Lexikon  dor  Farbwaaren,  F.  Sprin^mulil,  lirrlin. 

Anthracene,  by  G.  Auerbach,  translated  by  Crookes,  Lond 

I»a-  Anthracene  und  seine  Derivutc.  (i.  Auerbadt,  2te  Auf.,  Braunschweig. 

Die  neuere  Entwickelung  der  Thet'rfarlx-n-  Industrie,  Dr    I;    M    .  •  r,  Braunschweig. 

Lehrbuch  der  Farbenfubrikution,  .1.  (J.  (i«  nt«  1.  ,  i!t«-  Am"..  Itruunschweig. 
1881.—  Die  Industrie  der  Theerfarbstoffu,  ('.  H.-iu-.-niiarui.  Stuttgart 
1882.  —  Manual  of  Colors  and  Dye-  wares,  J.  AV.  Slater.  Lutidon. 

—Matieres  colorantes  et  les  Applications,  (iiianl  •  -t  1'ahst,  Paris. 
1880  —Die  Chemie  des  SteinkohlentAeen,  (i.  Sdml:  ft«  Auf.,  Braunschweig. 

1887.  —  Die  kiinstlichen  organischen  Furlistotl'e,  P.  Julius,  Berlin. 

1888.  —  Die  Anilin-Farbun  und  ihn>  Fabrikation.  Karl  Heuinann,  ItoTheil,  Braun>« 

Fortschritte  der  Th^erfiurbonfkbrikation,  P.  Friedltinder,  Berlin. 
Die  Anilin-Ftirbstofle,  A.  Kerti's/,  Bniunx-bwrig. 

Tabellarische   Uebersicht   der  kiinstlichen   organischen    Farbstoffe,   Schultz   und 
Julius,  Berlin. 

1889.  —  Cheini-try  <>f  the  Coal-Tar  Colors,  R.  Benedikt,  translated  bv  Knecht,  2d  ed.,  London. 

Sur  la  Constitution  de  la  Naphthaline  et  de  ses  Derives,  Reverdin  et  Noelting, 

Mulhouse. 

Die  Fabrikation  der  Theerfarbstofle  und  ihre  Rohmaterialen,  W.  Harmsen,  Berlin. 
Die  Technik  der  Rosanilinfarbstotte,  <).  M  uhlliau-er.  Stuttgart. 
Die  Chemie  der  organischen  Farbstolle,  R.  Niet/.Ui.  Berlin. 
Histoire  scientifique  et  industrielle  du  Noir  d1  Aniline,  Noelting,  Mulhouse. 
Die  Theerfarben  mit  riicksicht  auf  Schiidlichk«-it.  <-U-.,  Th.  Weyl,  Berlin. 

1890.  —  Die  organische  Farbstotfe,  R.  Mohlau,  Dresden. 

Les  Matieres  colomntes,  etc.,  C.  L.  Tassart,  Pari-. 

Traite  pratique  des  Matieres  colorantes  artificial  les,  A.  M.  Villon,  Paris. 

STATISTICS. 

1.  CRUDE  MATERIALS  OF  THE  COLOR  INDUSTRY.  —  The  present  yearly 

production   of   anthracene-paste,    worked    for   alixurin,    iv<-l;MM,-d   as    pun' 

.r.xlu.-. 


anthracciu-,  amounts  to  about  2,500,000  kilos.,  of  which  (in-many  j. 
350,000  kilos.,  and  imports  from  othrr  oountria  1,800,000  kilos.  ad<  lit  i..nal, 
while  England  works  up  350,000  kilos.  (Schult/,  <  'hi-miedes  Steinkolih-n- 
theers,  '2(\  cd.,  vol.  ii.  p.  597.) 

In  1883  the  annual  production  of  crude  thirty  per  cent,  anthrar.  n«-  in 
England,  according  t..  \V.  II.  IN-rkin,  was  6000  tons,  about  1000  ton-  in 
excess  of  the  requirements. 

The  German  importations  of  crude  materials  fur  iveent  years  has  been: 

UM  \m  MM 

Met.  cent  Mr  net  Met  cent 

Lit^ht  coal-tar  oils    .........  66,395  76,480 

Heavy  coal-tar  oils   .........     10.498  vTK-  PJ  :',l-» 

Antl.Vac.TH.    .........  50,190  69572 

Naphthalene      ...........     15.156  15,482  27,688 

Carbolic  acid      ...........     11,918  24,821  18,881 

27 
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The  German  exportations  of  products  of  this  industry  have  been  during 
the  same  period : 

1888.  1890.                         1891. 

Met.  cent.  Met.  cent.  Met.  cent. 

Aniline  oil  and  salts 25,233  29,979                38,128 

Aniline  and  similar  dyes    ......    69,060  69,748                72,807 

Alizarin 67,320  77,930                78,109 

2.  ANILINE  AND  SIMILAR  DYE-COLORS. — The  following  is  the  esti- 
mated daily  production  of  aniline : 

Pounds. 

England     .    .  5,000 

France    .       ,  10,000  to  12,000  (two-thirds  exported  to  Germany  and  Switzerland). 
Germany    .    .  18,000 

The  value  of  the  aniline  and  similar  dyes  imported  into  England  and 
the  United  States  for  recent  years  has  been  as  follows  : 

1888.  1889.  1890. 

England £265,794  £272,329  £264,538 

United  States $1,446,180  $1,686,450  $1,787,553 

3.  ALIZARIN. — In  1880  the  annual  production  of  alizarin-paste  (ten 
per  cent,  strength)  was  14,000  tons.     The  annual  English  consumption  was 
estimated  at  the  same  time  to  be  6800  tons.     One  ton  of  this  paste  is  con- 
sidered to  be  equivalent  to  nine  tons  of  madder,  so  that  14,000  tons  of 
paste  would  equal  in  effect  126,000  tons  of  madder.     These  126,000  tons 
of  madder  at  £45  per  ton  would  amount  to  £5,670,000,  while   14,000 
tons  of  alizarin-paste  at  £122  per  ton  would  amount  to  £1,568,000,  showing 
a  saving  of  £4,102,000,  or  $20,000,000,  per  annum  resulting  from  the  use 
of  the  artifical  alizarin. 

The  importations  of  alizarin  into  the  United  States  and  into  England 
have  been  for  recent  years  as  follows : 

1888.  1889.  1890. 

United  States,  pounds  ....  2,464,243  2,574,994  2,154,930 

United  States,  values    ....   $414,298  $438,708  $358,882 

England,  values £283,862  £317,644  £307,832 

Schultz  states  that  there  are  at  present  nine  alizarin-works  in  full  and 
continuous  operation,  of  which  six  are  in  Germany  and  three  in  England, 
while  three  other  alizarin- works  exist  which  are  closed  at  present. 
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CHAPTER   XIII. 

XATfKAL    l> 

I.   Raw  Materials. 

TIN-:   raw  materials  to  be  described   hen-  an-  •  •!'  vegetable  dyes 

coming  into  commerce  partly  as  compact    heart  wood-  and  nnit>  ami  partlv 
a-  masses  of  separated  coloring  matter-,  together  with  a   few  dried  animal 
remains  yielding  coloring   matter-.        \Ve   -hall    take    them    up   m-.-t    con- 
veniently in  groups  according  to  the  colors  yirl<lr<|. 
A.  RED  DYES. 

1.  Brazil-wood  ami  Allied  Woods  (syn.  Rot/iholz,  Bois  de  Brtxil). — The 
various  species  of  Qassalpinia  yield  woods  which  appear  to  contain  a  com- 
mon chromogen,  />mx/////,  C^HyP^     rrhis  seems  already  in  the  wo.*!  to  be 
changed  in  part  into  the  corresponding  coloring  matter,  A/v/x/7, ///,  C1(,HI2Oft. 
And  the  change  maybe  made  complete  by  oxidi/iug  the  alkaline  l.ra-ilin 
solution  in  the  air  or  by  acting  upon  a  hot  solution  of  brasilin  with  an  alco- 
holic iodine  solution.     Liebennann  and  Burg  ascribe  to  the  crystals  of  bra- 
nlin  the  formula  C16HUO5  +  H2O,  and  call  attention  to  the  ihet  that  it  l>ears 
the  same  relation  to  luematoxylin,  C16HUO6  (see  p.  -I'JU),  that  ali/ann  l>ears 
to  purpurin.     The  best  known   varieties  of  the  wood  are  known   by   the 
following  special  names:    IVrnamlmco-wood,  from  Cteaa^pmia  fritta,  i_rr«»wn 
in  lira/il  and  Jamaica,  yellowish-red  in  the  interior,  becoming  nd  and  red- 
dish-brown  on  the  surface.      Brazil-wood,  from    Cfc*<tlj*ini'i    /*/•" 
ui"wn  in  Brazil,  as  well  as  the  Antilles  and  Bahama-,  is  brick-red  in  the 
interior,  becoming  brown-red  on  the  surface.     It  is  inferior  in  coloring  |M»WCI- 
to  Pernambuco-wood.      Sa pan- wood,  from   Gtwt/jtiiiHi  .vr/y^///*,  gro\\n   in 
Siam,    China,    Japan,    Ceylon,   and   the    Indian    Archipelago    i>   some\\  hat 
lighter  in  color  than  the  other  varieties.      It  is  yellowish-mi  in  the  interior 
and  bright  red  on  the  surface.      Lima-wood,  or  Nicaragua- wood.  fn»m  <  f»rx- 
(ifjtinid  t>ijn</if,  is  grown  in  Central  America  and  the  north  coast  of  South 
America.      The  Santa- Mart  ha- wood  of   Mexico   and   Peach  -wood  are  lis- 
some writers  considered  as  of  the  same  species  as  Nicaragua- wood,  and  by 
others  are  derived  from  Qxaalpinia  echmata.    They  haveadirbr-vedoolorin 

the  interior,  becoming  paler  on  the  surface.  Uahia-wood,  ( 'alit'ornia-wood, 
and  Terra- Firma- wood  are  other  less  known  varieties  of  the  .sum-  ela— . 

2.  8andal-woodt  Caliatur-wood,  Bar-wood,  and    <  nm-wood  (syn.  San- 
tft/ink,  Bois  de  Santal  rouge)  form  another  group  of  wo.nls  which  are  alike  in 
many  particulars  and  contain  probably  the  same  coloring  matter,  mnthilin, 
C17H16O6.      They  diil'er  as  a  class  from  the  Ura/.il-wootU  in  tlu-ir  ni'-re  n-iu- 
ons  characters,  and   are  often    known   as   "close   woods"  in   e,,utra-t   to  tin- 
others  as  "open  woods."     The  Sandal-wood  (  R.'d  Sanders),  from  /V. 

pus  santa/innx.  is  grown  in  the  l^ast  Indies,  (  \-ylou.  ami  Madagascar,  and  is 
a  very  hard  and  heavy  wood,  dark  brown  on  the  surtaee  and  blood-red  in 
the  interior.  Caliatur-wood  comes  also  from  the  KaM  Indie-,  and  though 
used  as  a  substitute  for  the  sandal-wood  is  considered  as  a  distinct  var 
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Sandal-wood  is  said  to  contain  some  sixteen  per  cent,  of  santalin.  Bar- 
wood,  from  Baphia  nitida,  comes  from  Sierra  Leone,  Africa,  and  is  a  dark- 
red  wood,  containing  twenty-three  per  cent,  of  santalin.  Cam-wood  (or 
Gaban-wood)  is  supposed  by  many  to  be  the  same  as  bar-wood,  but  by  others 
is  ascribed  to  species  of  Pterocarpus.  It  comes,  like  bar-wood,  from  the  west 
coast  of  Africa.  Madagascar-wood  is  a  minor  variety  resembling  Caliatur- 
wood. 

3.  Madder  (syn.  Krapp,  Racine  de  Garance)  is  the  dried  and  broken  root 
of  the  Rubia  tinctorium  and  allied  species.  It  grows  wild  in  Asia  Minor, 
Greece,  and  the  Caucasus,  and  has  been  cultivated  in  France,  Alsace,  Silesia, 

FIG.  117. 


Hungary,  Holland,  etc.     The  appearance  of  the  plant  may  be  seen  from 
Fig.  117,  in  which  it  forms  the  right-hand  illustration. 

In  the  Levant,  the  five-  to  six-year-old  plants  are  plucked,  in  Europe, 
those  two  to  three  years  old.  While  the  Turkish  madder  (known  as  Lizari 
or  Alizari)  was  the  earliest  in  use,  the  French  variety  grown  in  the  neigh- 
borhood of  Avignon,  in  part  upon  marshy  soil  (palus)  and  in  part  upon 
soil  containing  lime  (rosee),  has  long  been  considered  the  best.  Other 
varieties  are  the  Dutch  or  Zealand  madder,  the  Alsatian,  the  Silesian,  and 
the  Russian  madder.  That  which  has  not  been  freed  from  the  brown  outer 
crust  before  grinding  is  inferior  to  that  which  has  been  so  freed,  and  which 
is  known  as  "crop-madder,"  while  the  impurest  variety,  obtained  by  grinding 
the  rootlets,  crusts,  and  woody  parts  of  the  roots,  is  called  "  mull-madder." 
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From  the  madder-root-  an-  aUo  prepared  l>\    frnm-ntat  i«-n   and  filti: 
of  the  separated  dye-colors  the  commercial  •  •\tra<t-   Ln..\\n  a-  ••  madd.  r 

ilo  \\ers"  and  "  guarancine."     <  >m-  hundn  d  kilos.  of  madd.  T  \\  ill   \  i.  1-1  !  '.: 
live  to  H\ty  kilo*.  of  maddt-r  Mowers. 

Tin-  tinctorial  value  of  the  madd.-r  di-p«-nd-  upon  tin-  •  \istence  of  the 
two  coloring  matter^,  ali/arin.  (',,!!.(),,  and  pnrpiirin.  <  II1'  i-.th  of 
which  have  been  mentioned  under  tin-  ariitieial  d\<  ..m  an- 

thracene.    (See  p.  399.)      Thoe   aiv  nnt    tiiund    BOB    in    tin-   ^n.  \\ini:    plant, 

hut  e<>ml>incd  as  glucosides  and  other  "impounds  easily  decomposable  by 

t.Tinentation.  Asa  nitrogenous  and  >olul>le  t'erim-nt  fltytfaMpN  i-  pn—  nt  ; 
SO  soon  a>  the  solutions  o{'  madder  extract  arc  .  AJH.-M!  to  the  air  the  rubcry- 
(or  ali/arin  ^Incn.-ide)  is  decompos^l  into  ali/^irin  and  d<  xtroae 


and  the  pscudo-purpwnn  (or  naturally  oeeiirriiiLr   purpurin-earlioxylic  a- 
i-  decomposed   into  purpiirin  and  carbon  dioxide.      T\\o  nth.-r  anthra<taie 
derivatives  also  occur  in  madder,  both  probably  as  decomposition  products 
of  peeudo-purpurin,  iiumjidin,  C15H8O6,  and  vcmtkapHrpHrm)  ^'uN.o,  -tin- 
latter  of  which  is  isomeric  with  alizarin). 

The  importance  of  madder  and  madder  preparations  ha-  almost  ••ntiivlv 
disappeared  with  the  development  of  die  artificial  ali/arin  manul'a.  -tun  -. 
The  colors  obtainable  from  ali/arin,  isopurpurin  or  anthrapurpurin,  and 
flavopurpurin,  which  are  the  products  of  the  synthetical  metluKls,  have 
almost  entirely  replaced  tho>c  formerly  obtained  from  madder. 

4.  Safflower  (syn.  Safflor,  Fleurs  de  Garthame)  consists  of  the  dried  tl< 

of  the  Carthamm  tinctoriusj  a  plant  first  grown  in  Knypt  :md  the   F^at 
Indies,  but  now  grown  in  Asia  Minor,  Spain,  Alsace,  Austria,  ami  <  'entral 
Germany.     The  flowers  are  of  a  deep  reddish-orange  color,  and  contain, 
besides  a  yellow  coloring  matter  of  no  technical  value,  rtirtfunnin.  or 
tlnnnif  <n-i<1y  CUH16O7,  a  red  dye  of  considerable  importaiKe  for  silk-  and 
cotton-dyeing.     It  forms  from  .3  to  .6  percent,  of  the  weight  of  the  tlo\\ 
"Safflower  carmine"  is  a  solution  of  the  carthamin  in  soda,  and  u  plate 
carthamine"  is  a  pure  preparation  of  the  dye  which  has  U-cn  dri«d  in  ••rusts 
upon  glass  or  porcelain  plates.     The  most  important  commercial  vari« 
of  safflower  are  the  Egyptian,  which  is  the  richc.-t  in  dve-color,  the  East 
Indian,  the  Spanish,  and  the  German.     Spain  produce-  annually  aKout  t! 
hundred  thousand  pounds  in  two  grades,  the  La  Mancha  and  the  Arra. 
of  which  the  former  is  better  and  constitutes  live-H.xths  «.t'  the  whole  amount. 
France  produces  annually  about  one  hundred  thousand  pounds. 

5.  Orseille,  or  Archil  (syn.  Oratitte,  Persia,  (  '<«H><  or  .  —  The  various  si- 

of  lichens,  as  Rocella  tinctoria  and  7tV</A/  p/r//o/-////.>   from  Angola,  Xan/i- 
l»ar,  Ceylon,  and  Mozambique,  as  well  as  from  the  Azores  and  Smith  Ai 
ican  coast,  contain  a  mixture  of  phenols,  ph<  iiol-ethere,  and  phenol-a 
such  as  orcin  (or  orcinol),  erythric,  oi-cellinic  and  lecanoric  (or  <liorci-li: 
acids.     These  by  the  action  of  air  and  ammonia  yield  orotill,  containMl   in 
the  oi-seille  (archil)  extract  as  a  red  dye,  and  on  drying  the  extract  the  cud- 
bear or  persio  as  a  reddish-violet  powder. 

Archil  extract  occurs  in  commerce  in  two  forms,  paste  and  liquor.  The 
solid  matter  consists  mainly  of  the  impure  orcein  in  combination  with  am- 
monia. Its  preparation  will  be  referred  to  later.  Cudbear  (or  PCM 
di  tiers  mainly  from  the  orseille  extract  in  being  free  from  all  excess  of 
ammonia  and  moisture  and  in  being  reduced  to  a  fine  powder.  An  illu>t  ra- 
tion of  the  orseille-yielding  lichens  is  given  in  Fig.  117  (see  preceding  page) 
in  the  lower  left-hand  figure. 
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6.  Cochineal  (syn.  Cochenilie)  is  the  dried  female  insect  Coccus  Cacti, 
which  lives  and  grows  on  the  plants  of  the  Cactus  family,  especially  the 
"  nopal,"  or  Cactus  opuntia.     The  nopal-plant  is  indigenous  to  Mexico,  but 
is  also  cultivated  largely  in  Central  America,  the  Canary  Islands,  the  Island 
of  Tenerilfe,  Algeria,  and  the  East  Indies. 

The  commercial  varieties  of  cochineal  are  known  as  the  silvery-gray  and 
the  black  cochineal.  These  varieties  are  apparently  produced  according  to 
the  method  adopted  for  killing  the  insects  when  they  are  swept  off  the  leaves 
of  the  nopal-plant.  If  killed  by  immersion  in  hot  water  or  by  steam  they 
lose  the  whitish  dust  with  which  they  are  covered  and  constitute  the  black 
variety  (zaccatila) ;  if  killed  by  dry  heat  in  ovens  this  dust  remains  and 
they  yield  the  silvery-gray  variety  (bianco.)  This  latter  is  considered  the 
better,  and  is  sometimes  simulated  by  dusting  the  black  variety  with  pow- 
dered talc,  gypsum,  barytes,  or  stearic  acid.  The  natural  gray  powder  is  a 
variety  of  wax  known  as  coccerin. 

The  coloring  matter  of  the  cochineal  is  carminic  acid,  C17H18O10,  and  may 
amount  to  fifteen  per  cent,  of  the  weight  of  the  dried  cochineal,  although 
Liebermann  states  that  the  average  is  from  nine  to  ten  per  cent.  Carminic 
acid  is  a  purple  substance  soluble  in  water  and  alcohol,  but  only  slightly  so 
in  ether.  Chlorine  readily  destroys  the  carminic  acid  and  nascent  hydrogen 
reduces  it  to  a  leuco  body,  which  again  becomes  red  on  exposure  to  the  air. 
Chemically  it  is  a  glucoside,  being  capable  of  decomposition  into  carmine- 
red,  CnH12O7,  and  a  sugar,  C6H10O5. 

Carminic  acid  dissolves  in  caustic  alkalies  with  a  beautiful  red  color,  forms 
purple  precipitates  with  barium,  lime,  lead,  and  copper,  and  a  fine  red  lake 
with  alumina.  A  decoction  of  cochineal  behaves  with  reagents  somewhat 
differently  from  a  solution  of  the  pure  carminic  acid  owing  to  the  presence 
of  phosphates,  tyrosine,  etc.  The  addition  of  alum  or  stannic  chloride  to 
it  yields  the  fine  red  pigment  known  as  "  cochineal  carmine."  This  as  well 
as  other  preparations  from  cochineal  will  be  referred  to  again  under  products. 
(See  p.  435.) 

7.  Kermes  (syn.  Kermes,  Alkermes)  is  a  corresponding  substance  to  coch- 
ineal, and  consists  of  the  dried  female  insects  Coccus  Ilicis,  which  burrow 
under  the  epidermis  of  the  leaves  or  young  shoots  of  the  kermes  oak 
(Quercus  cocci/era),  growing  in  the  south  of  France,  Spain,  and  Algeria. 
The  coloring  matter  of  the  kermes  insect  has  not  been  sufficiently  investi- 
gated ;  it  is  said  to  be  identical  with  that  of  cochineal.     It  is  not  used  any 
longer  in  dyeing. 

8.  Lac  dye  (syn.  Fdrberlack)  is  the  product  of  the  Coccus  Lacca,  an  East 
Indian  insect  which  lives  on  the  branches  of  the  fig  and  other  trees.     The 
female  insects  exude  a  resinous  substance  which  encloses  them  and  attaches 
them  to  the  twig.      This  constitutes  the  "  stick-lac"   (see  p.  92),  which 
contains  about  ten  per  cent,  of  coloring  matter.     This  latter  may  be  ob- 
tained by  treating  the  stick-lac  with  carbonate  of  soda.     The  coloring  mat- 
ter of  lac  dye  has  been  studied  by  Schmidt,  who  terms  it  laccainic  acid, 
C16H12O8,  and  found  it  to  be  very  similar  to  carminic  acid  in  most  of  its 
reactions.     Many  writers  consider  the  two  to  be  identical. 

B.  YELLOW  DYES. 

1.  Old  Fustic  (syn.  Gelbholz,  Bois  jaune)  is  the  trunk  wood  of  Moms 
tinctoria,  indigenous  to  the  West  Indies  and  South  America.  It  is  also 
yielded  by  the  Madura  tinctoria  and  Broussonetia  tinctoria.  The  wood  is 
hard  and  compact  and  has  a  pale  citron-yellow  color.  It  contains  two  col- 
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principles  ni»,-i,i,  or  morir  •!••,'<!,  (  ,  II.O,  (or  CuHwOy),  \\hieh   occurs 

ill    tin-    Wood    combined  with    lime,  :ui<l 

both  i»t'  which  arc  yellow  d\«  -  and  are  contain,  d  in  tin-  commcivial  cxt 

2.  Young  Fu«fi<'  (->  n.  /•'!.*•  tholz,  Boi*  •  i-  tin-  hark-fn •«•  \\ood  .,f 
the  A'////*  i-nfiiiua,  &  variety  of  sumach  ^m\\in-  in  tin-  L«-\:tiit.  >pain.  Hun- 
gary, Tyrol,  and   Italy.      The  culm-ing  niatt.-r  i-  -tat.d  l.v  S-hmidt  i.. 

as  a  soluble  compound  of ///>•////  and  tannic  acid.      Tl  Ifl  a  •jln.'.-ide, 

and  is  decomposed  by  dilute  sulphorio  acid  Kntojlid  .  (  II  (|  d  i-o- 
dulcite.  A  decoction  of  young  tn-tic  gives  a  fine  orange  ool(>r  with  alka- 
li.- and  bright  orange  precij)itatr>  with  lime  ami  baryta-\\at«-r.  -taum.iiH 
chloride  and  lead  acetate.  It  also  gives  a  fine  orange  "color  with  alumina 

mordant-. 

3.  (JmTritr'Hi   is  the  crn-licd  or  rasped  bark  of  the   Qucrcu* 
(Jin-mi*  fint-fnritt,  indi^cn.  .11-   to    Nnrth    America,  and  n   al-o   in 
many  and    France.  '  It   forms  a  bro\vmsh-ycllo\\    j,.,\\<l,  r,  t'n.m   which   an 
extract    i-  also  made.       The  coloring    principle    i-  '/"•/ 

glucoside,  which   is  decomposed   by  dilute    .-ulphuric  acid    into   ,(li. 
Cj4H16On,  and  isodulcite.     liesides  quercitin,  the  bark  contain-  </</</-ctfcw- 
nn-  in-ill.  Ci7H,6O9.      Quercitin  is  difficultly  soluble    in   \\at«  r.   but  easily 
soluble  in  alkalies  with  goldeu-vcllow  color.      "  l-'laviue"  i-  the  conm 
name  of  a  pre|»aration  of  <juercitron  obtained  by  actinn  upon  the  bark  tir-t 
with  alkalies  and  treating  this  extract  with  sulphuric  acid,  and  i-  a  \arying 
mixture  of  quercitrin,  quercitin,  and  isodulcite,  and  has  some  sixteen  tim«  - 
the  coloring  power  of  the  bark. 

Flavinc  and  quercitron  bark  are  used  chiefly  for  dy.  in^  wooll.  n-  and 
mixed  fabrics  with  tin  mordants. 

4.  Persian  ll>  /•/•/»  x,  or  Arit/mm  />*  rri<  x  (>yn.  <»'»////*• 

are  the  dried  fruit  of  different  buckthorn  (H/Kiiium*)  species.  The  differ- 
ent commercial  varieties  are  the  Persian  (from  /»'/*<//////'/>•  OMWcfalwMIt and 
Ithfimnus  oleoidus),  coming  from  Aleppo  and  Smyrna,  regarde«l  a>  the  rich,  -t 
in  dye-color  and  the  best  in  use,  the  French,  or  Avi-non  ( from  ttlminnns 
riu  and  Rhamnus  mxatili*),  the  Levantine,  or  Ttirki-h  (from  /;///////- 
»*/x  iuji-i'tnriit  and  Phamnux  xf/.r////7/x),  and  the  Spanish  (from  ///»•• 
s'l.rtififix)  and  the  Hungarian  (from  H/minim*  <iiiii/</<l«{iint8,  etc.). 

The  coloring  matter  of  the  Per-iau  berries  is  called  by  Lie  bermanu 
.r(t)it/mr/niiiinin,  or  <-ltri/xorh(inniin,  and  is  a  glucoside,  yielding  under  the  in- 
fluence of  dilute  acids  rh(tnnn-tin,  ( 1,2H,0Oa,  and  isodnlcit  an  iK-rrk'S 
are  used  for  yellows  on  wool  and  cotton  with  alumina  or  tin  mordant-. 

5.  WM(syn.  Haw,  Gelbkrtmt,  d'amlf)  con-i-t-  nf  the  l.-av.  -  and  other 
]»arts  of  the  Reseda  hiteola,  a  vari<  ty   of  mignonette.      It    is  cultivat.d    in 
almost  all  parts  of  Europe,  notably  in  the  south  of  Fra-  .lany.  and 
Knglaiul.      The  coloring   matter  is  known                                           md   form- 
yellow  crystals  of  silky  lustre,  insoluble   in   water,  soluble   in  alcohol.      It 
dissolves  in  alkalies  with  deep-yell. >\v  color.      It  is  used  especially  in  .-ilk- 
dyeing. 

6.  Annnitn  (syn.  Orient* ,  or    /'">"•.,»}  i<  j.r. -pare* I    from   the  fleshy  pulp 
of  the  seed-shells  of  the  Birn  <„•<//<'„<,,  indi-.  non-  to  the  \\Y-t   Indi.  -  and 
South  America,  but  cultivated  also  in  the    Fa-t    Indi.-.     The  oomm 
aunatto  forms  a  soft  reddish-yellow  pa-tc  of  buttery  consistency,  or  some- 
times it  is  dried  in  hard  cakes/     It  contains  two  coloring  mar 

wrllin,  CjjgH^Os,  the  former  of  which,  the  more  important,  i-  a  n-d  <lye  and 
the  latter" a  yellow.  The  bixin  dissolves  in  alkalies  with  yellow  color.  It 
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is  used  somewhat  in  silk-dyeing.  Orellin  is  as  yet  only  slightly  studied, 
and  is  considered  by  some  to  be  simply  an  oxidation  product  of  bixin.  By 
far  the  largest  amount  of  annatto  is  used  not  in  dyeing  but  in  coloring  but- 
ter and  cheese.  (See  p.  259.) 

7.  Turmeric  (syn.  Gelbwurz,  Curcuma)  is  the  tuber  of  the  Curcuma  tinc- 
toria and  Curcuma  rotunda.  The  roots  are  usually  grayish-yellow  on  the 
exterior  but  deep  yellow  in  the  interior.  The  plant  is  indigenous  to  Cen- 
tral Asia.  The  varieties  of  it  are  the  Chinese,  Java,  and  Bengal,  of  which  the 
latter  is  considered  the  best.  The  coloring  principle  is  curcumin,  C14H14O4, 
which  acts  like  a  weak  acid.  The  pure  color  is  bright  orange-red,  but  it 
dissolves  in  alkalies  with  a  red-brown  color.  It  is  not  employed  alone  as  a 
dye-color,  but  is  used  in  wool-  and  silk-dyeing  for  compound  colors. 

C.  BLUE  DYES. 

1.,  Indigo  (syn.  Indig-blau,  Indigo).  —  This  is  by  far  the  most  important 
of  all  the  vegetable  dyes.  It  has  been  known  from  very  early  times  in  the 
East,  but  was  not  introduced  into  Europe  until  the  sixteenth  century,  where 
its  use  was  at  first  prohibited  because  of  the  general  culture  of  the  woad, 
and  indeed  it  was  only  in  1737  that  its  employment  was  legally  permitted 
in  France.  However,  in  time  it  displaced  the  woad  almost  entirely,  so  that 
the  latter  is  used  now  only  in  a  few  special  cases. 

The  indigo-plant  is  an  Indigofera,  the  more  important  varieties  of  which 
are  the  Indigofera  tinctoria,  cultivated  in  India,  particularly  in  Bengal, 
Coromandel,  Madras,  Java,  and  Manila  ;  the  Indigofera  Anil,  cultivated  in 
Guatemala,  Caracas,  Brazil,  and  the  Antilles  ;  the  Indigofera  Argentea,  culti- 
vated in  Egypt,  Senegal,  and  the  Isle  of  France.  Of  lesser  importance  are 
the  Indigofera  disperma  and  the  Indigofera  pseudotinctoria,  both  cultivated 
in  the  East  Indies.  The  Indigofera  tinctoria  is  shown  in  Fig.  117  (see  p. 
420)  to  the  left  of  the  illustration  above.  The  indigo  dye  does  not  exist  as 
such  in  the  plant  but  as  the  result  of  fermentation,  whereby  the  naturally 
occurring  indican,  a  glucoside,  is  decomposed,  most  probably  according  to 
the  reaction  : 


+  4H20  =  C16H10N202  +  6C6H10O6. 

Indican.  Water.          Indigo-blue.  Indiglucin. 

The  plants  are  cut  at  two  or  three  different  periods  in  the  year  when  they 
have  just  come  into  bloom.  They  are  at  once  packed  into  bundles  and  put 
into  the  soaking-  vats  covered  with  water.  A  fermentation  here  ensues, 
which  is  completed  in  from  ten  to  eighteen  hours,  according  to  the  tempera- 
ture of  the  air  and  the  ripeness  of  the  plants.  When  the  supernatant  liquid 
has  taken  a  yellowish-green  color  and  has  a  pleasant  sweetish  taste,  the  fer- 
mentation is  stopped  and  the  liquid  is  run  off  into  vats  placed  at  a  lower 
level.  Here  it  is  beaten  vigorously  with  sticks  or  paddles  for  from  one  and 
a  half  to  three  hours  by  men  who  enter  the  vats  for  the  purpose.  The  liquid 
is  changed  by  this  treatment  to  a  deep-blue  color  and  becomes  covered  with 
froth  of  like  color.  When  the  men  leave  the  vat  to  rest,  the  separated 
indigo  rapidly  settles,  and  in  some  two  to  three  hours  the  supernatant  liquid 
can  be  run  off  from  stopcocks  placed  in  the  side  of  the  vat  at  levels  above 
the  indigo  precipitate.  Milk  of  lime  is  often  added  to  hasten  the  settling 
of  the  separated  indigo,  and  more  recently  dilute  ammonia  has  been  used. 
The  addition  of  this  latter  reagent  is  said  to  increase  the  yield  of  indigo 
and  to  improve  its  quality,  as  it  contains  less  indigo-brown  and  resinous 
impurities.  The  thin  paste  of  indigo  and  water  is  then  drawn  off,  boiled 
to  prevent  subsequent  fermentation,  and  strained  through  a  sheet.  It  is 
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thru    put    into  s.juaiv   pTOBB-boxefl  lined  \s  ith  doth  and    pn.\  id-  d  \\ith 
in   the  .-ide>  and   bottom   t'«»r  thorough  drainage  "I"  tin-    indigo.      l'i 

then  applied,  gentle  al  I'M-M  Km  MI-  -I.,-  m.  I  iL.,,  hardens  and 

»  firmer  consistency.     The  ma>-  i-  tli.-n  cut   into  mhi.-al   1,1,  „•!,-.  uhi.han 

stamped  with  the   name  of  tin-  t'a.-tnry  and    put    mi   ?.|n-lv.-    in    t! 

IIOIM-  to  -lowly  dry  ,,nt,  ^reat  ran-  bem-  taken  to  avoid  draft  \\hirh 

miidit  cause  the  calx.-  to  crack   in  dr\  in-.      Tlm-e  hnndnd  k 

plant.-  yield  an  average  of  ......   kilo.  of  mdii:«».      The  mmim-mal    j,: 


contain*.  from  twenty  t..  eighty  per  cent.  of  th.   indigO-Un  in^  aln 

forty-five   pel-  cent.),   and    with    tlii>    tWO    «»tlirr   mlm-in-    matt«-r-.    ii 
d    imli 


and    imli^o-ntl,    ln>ide-    indi^o-jrluten,    iuoi>tinv.   ;uid    I 
amount  of  mineral  matter. 

The  eommereial  vari.-ti.-s  <,f  indi  r^t,  the  .\-iati«-.  of  \\hieh    the 

lien-al  indigo  is  the  lw>t,  followe<l  |,y  the  ,la\-a.  Madra-.  <  •  -I  oinande],  and 
Manila  varieties;  xcoiid,  the  A  nieriean,  of  \\  hieli  the  (inatemala  i-  the 
I..M.  fnIloN\rd  l,y  the  Caracas  and  the  liia/ilian  \ari.ti.~;  and,  third, 
the  African,  including  the  Egyptian,  S-n.-al,  and  Me  d,-  l-'ramv 
varieties. 

Indigo-bine  is  insolnMe  in  \\atrr.  alcohol,  ether,  dilute  acid-,  and  alka- 
li--. -olnhle  in  I'umin-  siilphnric  acid,  aniline,  nitn-lM-n/.-n,-,  e|d..r,,ionn.  and 
glacial  acetic  acid.  It  may  be  sublimed  by  heat,  althon-h  \\ith  partial  de- 
composition when  the  sublimation  is  carried  out  at  oidinary  atim-ph.  -ri,- 
|'i«-^nre.  By  the  action  of  alkaline  reducing  a^-nts  it  is  <-li:ni^c<l  to  ii 
white,  (  V,H1::N._,<  ).,,  and  dissolved.  Upon  tlii-  n-aetion  and  •  <|ii«  nt 

change  of  the  indi^«>  \\hite  when  dej»o>ited  upon  the  textile  libiv.  by  atm.-- 
phei-ic  nxidation  back  ajiain   into  indi^o-hlue.  i>  hased  the  n^   of  indigo  in 
vat-dyeing.     (See  p.  459.)     Indigo  is  used  on  the  HL.M  ,  \t.  n-ive  XM 
cotton-  and  wool-dycinn',  less  generally  for  silk. 

2.    Wood  (syn.   \\'<iid.   /'^>/r/).  —  The  leaves  of  the  fatil  f!in-toria  and 
7.S7///X  Inttitdnicti  moistened,  slightly  fermented,  and  then  comj)acted  and 
into  balls  constitute  the  woad  oi'  commerce  and  furnish  an  ailditional  - 
of  indigo.     As  before  stated,  the  use  of  the  \\oad   for  dyeing  ant<date<l  tin- 
use   of  the  indigo-plant,  and   the   cultivators  of  the  \\oad,  particularly  in 
Central  Germany,  long  fought  against  the  introduction  of  the  richer  tt 
indigo-yielding  material,  but  in  vain.     The  woad-culture  is  still  can 
in  ditlerent   parts  of  Kurope,  particularly  in    France  and  (  iermany,   but    in 
small  degree  compared  with  its  former  development.     The  \\oad  contain.- 
only  .3  percent,  of  indigo  reckoned  «»n  the  weight  of  the  fn-h   1.  aves,  or 
as  it  is  often  calculated,  one  hundred  kilo*,  of  \\oad  have  tin-  .-aim-  ••••lur- 

ing power  as  two  kilos,  of  indigo.     The  \\oad   balls  improve  in  .pialit;.   by 
keeping    for   some    years,  the    U-st    variety    comiuLT    from    the    south    of 
France   under  the  name  of  Pastel.     The  woad    i-   rarely  u-ed   by  it-ell'  in 
dyeini:   operations,  but   alonir  with   indigo  as  a  nu-ans  of  incitini:  th- 
mentation  in  tlu  44  woad-vat"  process  of  dycinj:. 

A  few  other  plants,  such  as  /'o/vyo//////*  (inrtnrimn.  indigenous  to  China. 
and  /'jijHifiH-hnn  tim-jor'nnn,  indip-noii-  to  lira/il.  have  Uvn  found  to  <•• 
indigo,  and  have  been  used  locally  for  blut-d\- 

:;.    I.nt/ir,,,,,!  (syn.   llhiulmh,  Bois  <i<  -'I'hi-    i-   the   IP 

wood,  freed  from  bark  and  sap-woo<l,  of  th.    // 

a  ti-ee  indigenous  to  Campeachy  Uay.  <  'entr.il  Aim-rica.  but  ;jro\vn  no\\  in 
various  parts  of  Central  and  South  America  and  the  \VeM  Indies.  The 
eommereial  varieties  are  the  Campeachy,  Yucatan,  Lairuna.  Honduras, 
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Jamaica,  St.  Domingo,  Monte  Christo,  Fort  Liberte",  Martinique,  and  ( .uade- 
loupe  logwoods. 

Of  these,  the  first  commands  the  highest  price  on  account  of  the  larire 
yield  of  coloring  matter  obtainable  from  it  and  the  readiness  with  which  it 
"bronzes"  when  submitted  to  the  "curing"  process.  The  wood  comes  in 
logs  or  sticks  of  smaller  size,  and  is  then  chipped  or  rasped  by  the  ma; 
of  extracts,  who  sell  it  in  the  chipped  or  rasped  condition  as  well  as  in  the 
form  of  prepared  extract.  The  wood  has  a  dark-red  color  on  the  exterior  I  nit 
is  yellowish-red  in  the  interior,  has  a  weak  odor  of  violets  and  a  peculiar 
sweetish  but  astringent  taste.  On  moistening  the  wood  or  chips  with  am- 
monia it  takes  a  dark-violet  color.  Logwood  contains  some  nine  to  twelve 
per  cent,  of  the  chromogen,  hamatoxyhn,  (',,-,ni4<)fl,  which  is  present  in  the 
wood  partly  in  the  free  state  but  mainly  as  ^luco-ide.  It  forms  colorle-< 
prismatic  crystals  difficultly  soluble  in  water,  easily  soluble  in  alcohol  and 
ether.  From  the  hsematoxylin  by  oxidation  in  the  presence  of  alkalies,  and 
particularly  ammonia,  is  produced  hcematein,  C16H12()(1.  the  true  dye-color. 
This  forms  small  crystals  or  crystalline  scales  of  dark-red  color  and  green i>h 
metallic  lustre,  which  show  plainly  upon  the  wood,  especially  after  the  fer- 
mentation or  curing.  It  is  difficultly  soluble  in  water,  alcohol,  and  ether. 
Hsematein  forms  a  crystalline  compound  with  ammonia,  C16HU(XI1 
-(-  H2O,  which,  however,  is  decomposed  by  acid-  or  l»y  heating  t<>  L30C 
leaving  pure  haematein.  Zinc  and  sulphuric  acid  readily  reduce  tin-  ha-ma- 
te'in  to  haematoxylin  again.  Logwood  is  used  on  an  extended  scale  in  dye- 
ing wool,  silk,  cotton,  and  leather.  It  is  used  for  deep  blues,  black-,  and 
jointly  with  other  coloring  matters  for  composite  shade-  of  color. 

4.  Litmus  (syn.  Lakmus,  Tournesol). — This  is  a  dyestulf  very  similar  in 
character  to  orseille  and  persio  (see  p.  421),  and  also  derived  from  the  da-< 
of  lichens.  For  its  preparation  the  same  lichens  may  be  used,  although  at 
present  the  different  species  of  Lcc«n<n-n  serve  as  the  chief  material,  such  as 
Lecanora  orcina,  L.  dealbata,  L. pan-Ma,  which  occur  in  the  French  Pyrenees, 
and  the  Lecanora  tartarea,  oceurrin«r  in  Iceland  and  S-andinavia.  The 
lichens  are  allowed  to  ferment  after  the  addition  of  stale  urine  or  ammonia 
and  carbonate  of  potash.  When  the  mass  has  a-sumcd  a  deep-blue  color, 
chalk  or  gypsum  are  added,  and  it  is  -haped  into  small  cubes  and  di 
The  coloring  matter  is  azo/itmin,  C'-ILNO,,  which  di  tiers  by  one  atom  of 
oxygen  only  from  the  orcein  of  orseille  extract,  C^:^  },-  '!  a<>t"  1'^e  a 
weak  acid,  the  salts  of  which  are  blue  in  color  (the  potassium  compound 
existing  in  the  commercial  litmus),  and  which  when  set  free  by  acids  is 
reddish  in  color. 

D.  GREEN  DYES. 

We  have  practically  nothing  here  that  has  assumed  practical  value  as 
yet.     The  only  ones  needing  mention  at  all  are  : 

1.  Clilorophyll. — This  is  the  green  coloring  matter  of  fresh  v.-,  tati"ii. 
and  is  abundantly  present  in  nature,  but  it  has  not  been  found  possible 
hitherto  to  isolate  it  in  a  pure  state  adapted  for  use.     Schiitx  has,  how. 
separated  it  from  the  yellow  coloring  matter  accompanying  it,  aranMoy, //////. 
It  is  stated  that  chlorophyll  forms  a  beautiful  green  color  with  zinc  a-  mor- 
dant which  is  adapted  for  dyeing,  but  it  has  not  as  yet  been  used  in  pra<-: 

2.  Lokao,  or  Chinese  Green,  is  a  green  pulverulent  deposit  from   the 
decoction  of  the  bark  of  Rhamnus  chlorophoms  and  Khanum*  ,/////* .  both 
indigenous  to  China.     Kayser,  who  has  investigated  the  lokao,  states  that 
the  coloring  matter  is  lokaonic  acid,  C^H^O^,  which  is  combined  in  the 
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commercial  preparation  as  the  alumina  lake.     This  lokaonic  acid  is  decom- 
posed by  acids  into  lokanic  acid,  C36H36O21,  and  lokaose,  an  inactive  sugar. 
Lokao  has  been  used  for  cotton-  and  silk-dyeing,  but  is  practically  displaced 
by  the  cheaper  artificial  colors. 
E.  BROWN  DYES. 

1.  Catechu  (or  Outcli). — This  has  already  been  spoken  of  as  one  of  the 
raw  materials  of  the  tanning  industry.     (See  p.  307.)     It  finds,  however, 
an  equally  extended  use  in  dyeing  as  an  adjective  color.     The  explanation 
of  this  is  that  catechu  contains  two  principles,  catechin,  C21H20O9  -f  5H2O, 
a  yellow  dye  forming  brown   precipitates  with  copper,  alumina,  and  tin 
mordants,  and  catechutannic  acid,  C13H12O5.    The  former  is  present  in  amount 
from  twenty  to  thirty  per  cent.,  the  latter,  however,  from  forty-eight  to 
fifty-two  per  cent.     The  best  variety  of  catechu  is  the  Pegu  catechu,  and 
after  this  the  Bombay  and  the  Bengal  catechu.     Catechu  is  extensively  used 
in  both  cotton-  and  silk-dyeing  for  browns  and  for  composite  shades. 

2.  Kino  is  a  natural  dyestuff  very  similar  to  catechu  and  comes  from 
a  variety  of  sources,  as  Butea  frondosa  and  Butea  superba,  yielding  the  Ben- 
gal kino  ;  Pterocarpus  erinaceus,  yielding  the  West  African  kino ;  Eucalyp- 
tus corymbosa  and  other  Eucalyptus  species  yielding  the  Australian  kino. 
The  important  principles  are  kinoin,  C14Hi2O6,  and  its  anhydride,  kino-red, 
C28H22On.     It  is  used  like  catechu  for  dyeing. 

IE.   Processes  of  Treatment. 

1.  CUTTING  OF  DYE-WOODS. — Whether  the  dye-woods  are  to  be  used 
for  the  manufacture  of  extracts  or  used  as  wood  by  the  dyer,  they  must  be 
reduced  to  powder  or  cut  into  chips  of  small  size.     This  process  varies  with 
different  manufacturers.     In  America,  it  is  usually  one  of  cutting  with 
powerful  knives,  in  which  wrhole  logs  are  brought  with  their  ends  against 
rapidly-revolving  cylinders,  on  the  circumference  of  which  are  heavy  steel 
knives,  which  cut  off  flat  chips  directly  across  the  grain  about  one-eighth 
inch  in  thickness.     This  method  is  a  very  rapid  one,  as  but  little  previous 
splitting  of  the  logs  is  necessary.     In  Europe,  where  labor  is  cheaper,  the 
logs  are  frequently  sawed  and  split  into  billets  about  two  feet  long  and  two 
to  three  inches  in  thickness,  and  these  are  then  brought  by  hand  diagonally 
against  toothed  knives  on  a  rapidly-revolving  cylinder,  by  which  means  the 
wood  is  torn  or  rasped  into  a  much  finer  condition,  or  these  billets  are  put 
into  a  machine  which  presses  them  in  this  Avay  against  the  revolving  knives. 
Such  a  machine  of  German  design  is  shown  in  Fig.  118,  where  a  rotating 
drum,  D,  carrying  on  its  circumference  a  series  of  knife-blades,  is  continu- 
ously cutting  the  billets  of  wood  which  are  pressed  against  it. 

2.  FERMENTATION  OR  CURING  OF  DYE-WOODS. — As  has  already  been 
stated  in  several  cases,  the  dye-woods  in  the  fresh  condition  contain  not  the 
finished  dye-color,  but  a  chromogen  capable  of  passing  into  the  former 
under  the  influence  of  oxidizing  or  other  agents.     Notably  is  this  the  case 
with  logwood,  and  the  chips  or  rasped  wood  are  therefore  submitted  to  a 
curing  treatment  by  moistening  them  with  water  and  exposing  them  to  the 
air  in  heaps  some  three  feet  in  depth  for  from  four  to  six  weeks.     The  chips 
heat  up,  and  the  pile  must  then  be  turned  with  shovels  to  regulate  the 
temperature  and  allow  contact  with  the  air.     More  water  is  then  added, 
and  the  process  continued  until  the  chips  assume  a  rich  reddish-brown  color 
or  become  coated  with  a  bronze  powder  (hsematein).     Various  chemicals 
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have  been  suggested  to  hasten  the  operation,  such  as  ammonium  carbonate 
and  chloride,  stale  urine,  sodium  carbonate,  potassium  nitrate,  chalk,  and 
glue.  None  of  these  are  known  certainly  to  be  of  benefit.  The  alkalies 
give  the  chips  a  fine  red  color  at  first,  but  unless  great  care  is  taken  they 
cause  them  to  become  black  from  over-oxidation  before  the  action  can  be 
checked.  Glue  has  been  used  because  it  is  said  to  combine  with  the  tannin 
of  the  wood,  and  by  removing  it  to  open  up  the  pores  of  the  wood  to  the 
oxidizing  influence  and  so  facilitate  the  curing.  But  the  existence  of  tannin 
in  logwood  has  not  been  at  all  certainly  established. 

Fia.  118. 


Curing  is  of  value  to  the  dyer  because  it  enables  him  to  rapidly  obtain 
the  color  from  the  chips  and  gives  him  a  liquor  containing  a  more  highly 
oxidized  coloring  matter,  which  "  goes  on"  the  goods  more  -rapidly.  It 
must  be  remembered,  however,  that  curing  the  chips  enables  the  manufac- 
turer to  sell  twenty  to  thirty  per  cent,  of  water  with  them,  while  uncured 
chips  contain  ten  to  fifteen  per  cent,  of  moisture. 

When  the  chipped  logwood  is  intended  for  the  manufacture  of  extract  it 
is  usually  conveyed  directly  to  the  extractors  without  curing,  which  is,  no 
doubt,  the  better  procedure,  since  all  oxidation  in  the  first  part  of  the  process 
is  objectionable. 
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3.  MAM  r\«  rUBB  OF   I>YK-\V«N,I,   I      1 1  \    is.—As  dve-woods  contain 

only  a  tenth   <>r  less  of  tli«  n  \\ri-ht   <.f  dye-color,  it  becomes  a 

Pio.  119. 
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FIG.  120. 


matter  of  great  economy  in  transportation  and  storage  to  prepare  from  them 
extracts,  either  as  concentrated  liquids  or  solids  representing  the  active 
coloring  principle.  This  is  done  by  manufacturers  who  make  a  specialty 
of  this  extracting,  and  apply  to  it  the  best  designed  and  most  improved 
machinery. 

The  operation  may  be  divided  into  two  stages, — the  extraction  and  the 
concentration.  For  extraction  a  rasped  wood  such  as  is  made  in  France  has 
many  advantages  over  the  chipped,  since  it  yields  its  coloring  to  a  smaller 
quantity  of  water  and  at  a  lower  temperature  than  the  chips.  The  extrac- 
tion consists  in  heating  the  wood  with  water  under  various  conditions  and 

then  drawing  off  the  liquor  into  tanks  for 
settling  or  treatment.  The  conditions  refer 
to  the  kind  of  vessels,  the  amount  and 
quality  of  the  water,  and  the  temperature. 
Many  European  manufacturers  use  open 
wooden  vessels  for  extractors,  so  that  the 
temperature  does  not  get  above  100°  C. 
As  this  method  was  first  used  in  France,  it 
is  known  as  the  French  process.  The  use 
of  closed  extractors,  however,  allows  of 
increase  in  the  pressure,  and  this  within 
limits  much  facilitates  the  perfect  extrac- 
tion. A  closed  extractor  of  German  de- 
sign, in  which  a  pressure  not  exceeding 
two  atmospheres  is  used,  is  shown  in  Fig. 

119.  (See  preceding  page.)     It  will  be  seen 
that  the  vessel,  A,  is  provided  with  a  false 
bottom,  D,  to  allow  of  the  draining  off  the 
extract  liquor,  a  perforated  steam-pipe,  g, 
to  rapidly  bring  up  the  contents  of  the  ex- 
tractor to  the  required  temperature,  and  a 
drainage-pipe,  A,  to  draw  off  the  thin  ex- 
traction liquors. 

In  America  closed  copper  or  iron  ves- 
sels are  used,  arranged  in  battery  form  very 
much  like  the  diffusion  apparatus  now  used 
in  the  extraction  of  sugar.  One  cell  of 
such  an  extraction  battery  is  shown  in  Fig. 

120.  This  method  allows  of  continuous 
working,  as  one  cell  of  the  series  can  be 
emptied  of  exhausted  dye-wood  and  loaded 
with  fresh  chips  while  the  extraction  liquors 

are  passing  successively  through  the  other  cells  of  the  battery  and  ac- 
quiring the  maximum  strength.  The  temperature  or  pressure  varies  with 
different  manufacturers,  but  most  writers  on  the  subject  agree  that  a  press- 
ure not  exceeding  fifteen  to  twenty  pounds  excess  over  atmospheric  press- 
ure should  be  used.  An  increase  in  the  pressure  is  always  attended  with 
an  increase  in  the  yield,  and  after  a  certain  point  with  a  decrease  in  the 
coloring  value  of  the  resulting  extract.  When  the  liquors  from  the  ex- 
tractors are  run  into  large  tanks  and  allowed  to  cool  much  wood-fibre 
and  some  resinous  matter  separates.  The  clear  liquor  is  then  drawn 
into  the  evaporators,  which  in  this  country  almost  invariably  consist  of 
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vacuum-pans,  l>ut  in  Kumpe  often  consist  of  open  JK.  -,  hi.h 

beated  disks  revolve  so  as  t<  the  .  \;ij,.,r:tti.,i,.     \Vhil,-  tl,,-  li.junr  i- 

.-till  thin,  dnuhle-  or  triplc-ettt-ct  pans  are  used,  and  <>•  years  the 

Yaryan  evaporators  (see  Fig.  42,  i>.  U  1 )  ha\.  Ut»n  appli^l  with  great  suo» 

cess  to  the  evajx)ration  of  dy«--\\ I  r. \tradft     A- tin-  liquors  beooin*   thi«k«r 

tlic  .•..nccnti-atioii  is  cnntiniicd  in  vunmiu-|ia:  iiialogoilS  to  thentrikr- 

|.:ui-  of  tin-  suuar  rHincry.      Such  a  va<-uuin-|.aii   .l.-i-n-  -I   I'.-r  U-M-   in   th«- 
manufacture  of  dye-wood  extracts  is  shmsn  in  Fi^.  TJ1.     \\  lien  the  gravity 

Fio.  121. 


of  the  liquid  becomes  42°  or  51°  Tw.,  it  is  drawn  off  into  barn  1,  f,,r  ship- 
incut,  or  if  the  solid  extract  is  desiml  the  concentration  is  continued  in  a 
vacuum-pan. 

Various  methods  of  treatment  have  been  suggested  at  different  stages  of 
the  process  with  a  view  of  improving  the  extract,  but  it  is  an  OJH-II  question 
whether  anything  letter  than  pure  \\ator  has  yet  been  used.  The  addition 
of  solutions  of  glue  and  of  different  salts  to  tin-  w.md  before  extraction  \i^ 
been  frequently  recommended.  Chalk  suspended  in  water  and  dilute  lime- 
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water  have  also  been  recommended  to  be  similarly  used.  Such  processes 
could  only  result  in  an  over-oxidized  product.  Borax  has  also  been  used, 
but  without  notable  advantage  in  the  case  of  logwood,  although  it  serves 
very  well  in  the  case  of  the  redwoods.  The  use  of  chlorine,  hypochlorites, 
and  chlorates  has  been  patented  in  connection  with  logwood  extract  for  addi- 
tion either  to  the  wood  or  the  liquor  after  extraction,  but  it  is  doubtful  if 
any  of  these  are  used  on  a  large  scale  at  the  present  time.  That  these  sub- 
stances and  many  others  develop  the  color  of  logwood  there  can  be  no  ques- 
tion, but  to  be  of  value  to  the  dyer  that  development  must  take  place  in  the 
presence  of  the  goods. 

The  yield  of  logwood  extract  by  the  American  process  of  manufacture 
is  said  by  Soxhlet  *  to  be  twenty  or  twenty-one  per  cent,  of  solid  extract, 
while  that  by  the  French  process  is  sixteen  and  a  half  per  cent.  The  latter 
is  superior  in  quality,  and  is  therefore  almost  invariably  reduced  by  the 
addition  of  such  substances  as  molasses,  glucose,  and  extract  of  chestnut. 
In  America,  in  addition  to  the  above,  extract  of  hemlock  and  extract  of 
quercitron  (after  the  removal  of  the  flavine)  are  considerably  used  to  adul- 
terate logwood  extract. 

4.  MISCELLANEOUS  PROCESSES. — (a)  Preparation  of  Quarantine  and 
Madder  Flowers. — For  the  preparation  of  guarancine,  the  pulverized  mad- 
der-root is  warmed  gently  with  dilute  sulphuric  acid  (one  part  acid  and  two 
parts  water)  for  some  time,  whereby  the  glucosides  of  the  madder  are  de- 
composed. The  sugary  liquid  is  drained  off  and  the  residue  heated  writh 
concentrated  sulphuric  acid,  which  decomposes  the  woody  fibre  and  other 
organic  substances  present  and  decomposes  any  lime  compounds  that  may 
have  been  in  the  madder.  The  whole  mixture  is  now  thrown  into  water, 
the  precipitate  collected,  washed,  and  dried.  The  guarancine  now  contains 
the  alizarin  and  purpurin  in  uncombined  form.  The  yield  is  from  thirty- 
four  to  thirty-seven  per  cent.  For  the  preparation  of  "  madder  flowers" 
the  powdered  madder  is  set  to  ferment  with  warm  water  to  which  a  little 
dilute  sulphuric  acid  had  been  added.  After  some  days,  the  liquid  is  filtered 
and  the  residue  washed,  pressed,  and  dried.  The  flowers  of  madder  can  be 
used  more  readily  than  crude  madder  in  dyeing  at  low  temperatures,  and 
give  finer  and  purer  violets. 

(6)  Preparation  of  Ammoniacal  Cochineal  and  Carmine. — Five  parts  of 
powdered  cochineal  are  mixed  with  fifteen  parts  of  ammonia-water,  and  the 
mixture  is  allowed  to  stand  in  a  warm  place  with  frequent  stirring  for  some 
four  weeks.  Some  two  parts  of  alumina  are  then  added,  and  the  mixture 
carefully  evaporated  in  a  porcelain  dish  until  the  odor  of  ammonia  has  dis- 
appeared. The  preparation  so  obtained,  known  as  ammoniacal  cochineal, 
yields  its  color  more  readily  than  cochineal  and  produces  brighter  shades  of 
color. 

Cochineal-carmine  is  a  brilliant  red  pigment  prepared  from  decoction  of 
cochineal  by  the  action  of  alum  under  certain  conditions.  The  details  of 
its  preparation  vary  and  are  kept  by  different  manufacturers  as  trade  secrets. 
The  following  process  has  been  published  :f  Five  hundred  grammes  of  finely- 
powdered  cochineal  are  boiled  for  one-quarter  of  an  hour  with  thirty  times 
the  weight  of  distilled  water,  thirty  grammes  of  acid  tartrate  of  potassium 
added,  boiled  for  ten  minutes  longer,  fifteen  grammes  of  alum  added  and 
boiled  for  two  minutes  longer.  The  clear  liquid  is  allowed  to  stand  in  shal- 

*  Textile  Colorist,  xiii.  p.  125.  f  Schiitzenberger,  Die  Farbstoffe,  ii.  p.  338. 
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1<.\\  <rlass  vessels,  when  tin-  carmine,  separates  in  a  very  fine  stat« .  It  is 
\\a-hed  with  water  and  dried  in  the  shade.  Or,  h>  another  process,*  one 

pound  of coehineal  and  <  nie-lial  f  ounce  < ,{'  j  M  .tassium  carbonate  are  b»»il«-d  \\ith 
>even  gallons  of  water  I'm-  lift. -en  minuto.  The  heat  having  been  with- 
drawn, one  ounce  ni'  powdered  alum  i>  added,  and  tin-  li«|ii  I  and 
allowed  to  -ettle.  Tin- clear  liquid  is  d«-eant«-d.  on, -half  oim.v  <>t  i  ingUflB 
added,  and  heat  applied  until  a  eoagnlmn  form-,  \\  h«  n  the  liquid  i-  I-; 
-tii'red  and  allowed  t«»  -•  ule. 

rr.jmrfition    <>{   Mirin,; — A>   >tate«l   !M'|MIV    (m    p.    !_.'.  .    l! 

preparation  containing  the  coloring  matter  of  the  qo  i»ark  in  pm.r 

and  more  concentrated  form.  The  method  lor  it-  pivparat'n.n  i-  not  gener- 
ally known,  although  it  i>  found  to  contain  (pien-etin  a.-  \\i-ll  8S  quen-itrin, 
and  frequently  the  former  in  larger  amount. 

A  procedure  that  baa  U-<-n  pnl»li-hed  :  i-  the  foil-  l'\\«»  Imndred 

•nd finy  kilos,  of  the  powderea  <piei-citi-on  are  lM»il«-<l  for  fm..n  inintites 

with  iilteen  kilos,  of  crystalli/rd  >nda  and  twn  hnndn-«l  k  .  then- 

is  then  added  to  the  liquid  sixty-one  kilo-,  of  .-nlphnri«-  a«-id  of  66°  B.,  and 
the  hoilin^  crontinued  for  three-quarters  of  an  hour  Ion-,  r,  \\ln-n  the  whole 
Is  allowed   to  cool   and  settle,  the  liquid    poured  oil',  and  the 
drained  and  dried. 

(rl)  ]'/•< jxn-dtion  t>j  ln<tigo-carminey  Soluble  Imlit/n,  >(<-. —  It  was  stated 


in   an  earlier  section  (see  p.  FlQ  122 

\'2~>)  that  indigo-blue  was  sol- 
uble in  strong  sulphuric  acid. 
The  solubility  depends,  Imw- 
ever,  upon  the  chemical  ac- 
tion of  the  acid,  whereby  sul- 
phonic  acids  of  indigo  are 
funned.  Two  such  acids, 
indigo-monosnl  phonic  acid 
(-iilpho-purpuric  acid),  C16H9 
(HSO.JN.M,,  and  indigo-di- 
sul|)honicacid  (snlphindigotic 
acid),  C16H8(HSO3)2N2O2,  are 
formed.  (  )f  these,  the  first  is 
in-oluble  in  water  or  dilute 
acids,  while  the  second  is  sol- 
uble with  deep-blue  color. 
Both  are  formed  together  in 
practice  when  indigo  is  dis- 
solved in  strong  sulphuric 
acid,  although  if  not  more 
than  four  parts  of  sulphuric 
acid  to  one  of  indigo  be  used 
and  too  prolonged  heating  be 

avoided,  the  monosulphonic 

acid  will  be  formed  predomi- 
nantly, while  if  some  fifteen 
parts  of  ordinary  concentrated  sulphuric  acid  ,,r  KTOfl  ]*rt8  of  fuming 


*  Allen,  Commercial  Or-ani.-  An:ily»i-.  2d  ed.t  Hi.  p.  867. 
|Gerb-  und  FurbstotlV-Kxtnute.  .Mu-r/.in-ki,  p.  208. 
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sulphuric  acid  be  taken  to  one  of  indigo  and  the  heating  be  continued, 
the  disulphonic  acid  will  be  the  sole  product.  Whatever  be  the  process 
or  proportion  of  acid  used,  the  indigo  must  be  very  finely  ground.  This 
is  done  in  indigo-mills,  which  are  of  various  forms,  known  as  "  ball-mills," 
in  which  rotating  cannon-balls  gradually  grind  the  color,  as  "cylinder- 
mills/7  in  which  heavy  iron  rolls  accomplish  the  same  work,  and  other 
forms.  An  illustration  of  such  an  indigo-mill  with  conical  rolls,  taken 
from  a  form  in  current  use,  is  shown  in  Fig.  122.  The  direct  use  for  dyeing 
of  the  product  obtained  by  the  action  of  sulphuric  acid  upon  indigo  is  no 
longer  common.  The  preparation  and  sale  by  the  color  manufacturers  of 
pure  preparations,  known  as  Indigo  Extract,  Soluble  Indigo,  or  Indigo-car- 
mine, has  replaced  them.  The  sodium  salt  of  the  monosulphonic  acid  con- 
stitutes "  indigo-purple"  or  "  red  indigo-carmine,"  the  sodium  salt  of  the 
disulphonic  acid  the  true  "  indigo-carmine,"  which  comes  into  commerce  in 
paste  form  under  that  name  or  as  a  dry  powder  known  as  "  Indigotin." 

HE.   Products. 

1.  FROM  RED  DYESTUFFS. — (a)  Brazil-wood  Extracts  are  made  by 
the  diffusion  process,  three  varieties  coming  into  commerce, — a  liquid  ex- 
tract of  20°  B.,  a  liquid  one  of  30°  B.,  and  a  solid  one.  One  kilo,  of  the 
dry  extract  corresponds  on  the  average  to  twelve  kilos,  of  the  wood.  Bra- 
sttin  is  also  manufactured  on  a  large  scale  almost  pure  by  Geigy,  of  Basle. 

The  insolubility  of  the  coloring  matters  in  sandal-wood  prevents  their 
being  used  in  the  form  of  extracts. 

(6)  Madder  Preparations. — We  have  already  referred  to  Quarantine 
and  Flowers  of  Madder.  Guaranceux  is  the  name  applied  to  the  impure  pur- 
ptirin  recovered  from  the  sediment  of  the  waste-liquors  in  madder-dyeing. 

Pincoffin  (Alizarine  commerciale)  is  a  preparation  from  guarancine,  in 
which  the  purpurin  has  been  decomposed  by  superheated  steam,  leaving  the 
alizarin  unchanged.  It  has  twenty-five  per  cent,  less  coloring  power  than 
the  guarancine,  but  gives  finer  violets  than  can  be  obtained  with  the  former. 

(c)  Safflower  Preparations. — These  are  practically  more  or  less  pure  prep- 
arations of  carthamin,  and  the  names  Safflower  Extract,  Safflower-carmine, 
Safflower-red,  and  Plate-red  refer  to  different  concentrations  of  the  cartha- 
min solution.     For  the  preparation  of  the  pure  safflower-red,  the  safflower- 
yellow  must  be  removed  by  washing  the  crushed  flowers  with  water  until 
this  runs  off  colorless.     The  residue  is  then  treated  with  water  and  fifteen 
per  cent,  of  its  weight  of  crystallized  soda  salt.     The  solution  is  strained 
from  the  residue,  filtered,  and  after  acidulating  with  acetic  or  citric  acid, 
cotton  yarn  is  immersed  in   it  to  take  up  the  color.     The  dyed  cotton  is 
stripped  of  the  color  by  a  five  per  cent,  soda  solution,  and  from  this  solu- 
tion the  color  is  again  precipitated  by  citric  acid.     It  is  now  drained,  and 
comes  into  commerce  as  a  paste  known  as  "  Safflower  Extract."     The  color 
must  be  kept  in  sealed  flasks,  protected  from  the  light.     This  paste  dried 
upon  plates  at  a  gentle  heat  yields  the  so-called  "  plate-red."     The  "  saf- 
flower-carmine,"  on  the  other  hand,  is  prepared  from  the  extract  paste  by 
washing  the  insoluble  color  and  dissolving  it  in  alcohol,  which  is  then  left 
to  slowly  evaporate. 

(d)  Orseille  Preparations. — These  come  into  commerce  both  as  paste  and 
liquor.     The  solid  matter  consists  essentially  of  the  impure  orcein  in  com- 
bination with  ammonia.     It  is  liable  to  be  adulterated  with  the  spent  weeds 
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from  the  manufacture  of  the  oreeille  limior  or  with  other  vegetable  coloring 
matters.  It  i.-  al-<>  at  times  adulterated  with  aniline  dye*,  guch  9*  magenta, 
acid  magenta,  and  methyl  violet.  The  liquid  extra.  : 

'_'•>      !».,  and  is  frequently  adulterated  \\ith  logwood  or   Brazil -wood  extract. 
O/-.SV//A-  I'nr/i/t   (  I'Yench   Purple)  i>  a  pun-  <>r-<  ill. •  d\ ,-.  ..htaimd    i 
tion  of  the   lichens  with   a  fifteen    JM-I-  cent,  ammonja   solution,  precipitation 
with  hydrochloric  or  sulphuric  acid,  and    rcdUxilvin^   in   ainiiniiiia. 
solution  is  then  I ef I  exposed  to  the  air  in  shallow  vcaeel0  until  it  IJCCOOMB 
dark    purplish-violet.     The  color  is   then    pnvipitated   |,y  additi..n  ,,f  sul- 
phuric acid,  washnl,  and  dried.      O/ •>,///<    Cunnim    i^  a  .-imilar  preparation, 
in  which  the  ammoniacal  solution,  after  expom*  t"  the  air  until  it  I  H  •come* 
cherry-red,  is  heated  with  alum  or  calcium  chloride.      <  Of  /Vrwo, 

as  bet 'ore  stated,  is  a  dry  JH»  \\der  obtained  by  evaporation  of  the  extract. 
It  is  often  adulterated  with  common  salt  and  other  mineral  mat! 

(\n-hinfal  J'ri-jHU'tttiontt. — Amnioniaeal   coehineal   and   e, *-h int -al-< -ar- 
mine  have  already  been  referred  to.     .l//////o,,,,/<W  <  ',„•},', ,,,«!  .i.-h«d 

from  carminic  acid  by  giving  a  purple  or  violet  piveipitat- 
with  oxymuriate  of  tin.     The  crimson,  purple,  and   mauve  eoloi 
with  mordants  are  not  affected  by  acids  so  readily  a-  tln.-«-  produced  directly 
by  cochineal.     Ammoniacal  ccx-hineal  is  used  in  admixture  with  ordinary 
cochineal  for  producing  the  bluer  shades  of  pink.     ( '»<•/, ineaLcarminc  re- 
quires for  its  production  a  decoction  of  cochineal  itsi-lf  and  m-t  <-f  earminic 
acid,  the  nitrogen  i  zed  matters  being  essential  to  its  formation.      LielxTmann,* 
who  has  investigated  carefully  the  nature  of  the  cochineal  <•.,!.. ring  matter, 
found  it  to  contain  3.7  per  cent,  of  nitrogen,  of  which  onl\ 
could  be  expelled  by  boiling  with  dilute  alkali,  the  remainder  «-xi-tin 
parently  as  proteids.     He  gives  the  following  as  the  composition  of  the 
commercial  sample  of  carmine  examined  by   him  :   Water,  -eventeen   per 
cent.  ;  nitrogenous  matter,  twenty  per  cent. ;  ash,  seven   per  not  ;  coloring 
matter,  fifty-six  per  cent.;  wax,  traces.     Liebermann  cm^ider-  e,,,  I. 
<armine  to  be  no  ordinary  compound  of  a  colorinir  matter  with  alumina,  but 
as  an  alumina-albuminate  of  the  carmine  coloring   matter,  coniparable  in 
some  respects  to  the  product  from  alizarin  and  alumina  with  "Turk, 
oil."     Cochineal-carmine  is  liable  to  adulteration  \\ith  March,  kaolin,  \vr- 
milion,   red-lead,  chrome-red,  etc.      The>e  admixtures   may    U    d.  t..-t.-d   by 
treating  the  sample  with  dilute  ammonia,  in  wliich  a  pure  sample  should  l»e 
completely  and  readily  soluble. 

M.  Dechan  t  nas  published  a  series  of  analyses  of  commercial  carmine, 
which  are  here  given  : 


1. 

2. 

3. 

4. 

:». 

6 

7. 

ft 

9 

10. 

Mixture 

22.1 

16.1 

2.0 

22.8 

20.2 

•  • 

8.5 

10.0 

1SJO 

Sol  ill.  it-  in  f  Coloring  matter    . 
ether.      \  Alumina,  lime.  etc. 

46.1 
8.0 

01    U 

f,'....' 
9.8 
2.5 

34.1 
11.4 
18.5 

65.7 
12.0 

IM 

9.0 
9.8 

7.0 

26.1 
0.4 

HI 

til 

8.0 

•  , 

':.": 

Soluble  in  f°!Fnu'  mattl'r 
ier-      (Vermilion  

2.0 

2.4 

S4.0 

Trace 

0.2 

Trace. 

146 
A0.4 

1.9 

M 

TM 

2.  FROM    YKLLOW    DYESTUFFS.— (a)  Old  Fustic  Extract*.— Both  a 
liquid  extract  of  about  20°  B.  and  a  solid  extract  have  been  prepared.     The 


Ber.  Chem.  Ges.,  xviii.  p.  1971. 


Pharm.  Journ.  [3],  xvi.  p.  611. 
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latter  forms  large  yellowish-brown  blocks  of  a  waxy  lustre,  which  dissolve 
in  water  with  yellow  color.  They  are  prepared  from  the  wood  by  diffusion. 
The  name  morin  has  been  given  to  a  commercial  product  obtained  by  boiling 
the  rasped  wood  with  a  two  per  cent,  soda  solution  and  evaporating  the 
solution  so  obtained  to  a  specific  gravity  of  1.041,  when  on  cooling  the 
morin  and  moritannic  acid  separate  out. 

(6)  Quercitron  Extracts,  etc. — Both  liquid  and  solid  extracts  are  used 
commercially.  The  former  of  20°  and  30°  B.  respectively,  and  the  latter 
as  a  dark-brown  mass  of  waxy  lustre.  The  extracts  contain,  as  a  rule,  mix- 
tures of  quercitrin  and  quercetin.  Flavine  has  already  been  referred  to. 
It  is  a  preparation  in  which  the  quercitrin  of  the  bark  has  been  extracted 
and  in  large  part  changed  by  subsequent  treatment  with  sulphuric  acid  into 
quercetin,  which  is  superior  in  coloring  power.  The  tannic  acid  of  the  bark 
extract  has  also  been  removed  and  the  lime  salts,  so  that  it  gives  much  purer 
colors  than  the  original  extract.  Flavine  is  largely  used  in  connection  with 
cochineal  or  lac-dye  for  producing  scarlet.  A  quercitron  extract  to  which 
stannite  of  soda  or  sulphate  of  zinc  has  been  added  is  said  to  be  used  under 
the  name  of  "  Fustic  Substitute."  It  can  be  told  from  genuine  extract  of 
fustic  by  the  test  with  ferric  chloride,  which  produces  a  brown  precipitate, 
turning  olive-green  with  fustic,  but  a  greenish-black  with  quercitron  extract. 

(c)  Persian  Berries. — A  thick  extract  is  prepared  from  Persian  berries, 
soluble  in  water  with  yellow  color  shading  into  brown.  The  solution  be- 
comes clearer  on  addition  of  hydrochloric  or  nitric  acids  and  deposits  a 
dirty  yellow  precipitate.  Ammonia  or  caustic  soda  color  it  a  reddish-yellow, 
stannous  chloride  gives  at  once,  and  stannic  chloride  after  the  addition  of 
carbonate  of  soda,  a  golden-yellow  precipitate,  iron  salts  a  dark  olive-green 
to  greenish-black  color. 

3.  FROM  BLUE  DYESTUFFS.^(a)  Commercial  Indigo  occurs  in  lumps 
or  fragments  of  a  deep-blue  color,  usually  showing  a  bronze  or  purple-red 
streak  when  rubbed  with  any  hard  substance,  or  in  the  case  of  the  better 
kinds  with  the  friction  of  the  thumb  only.  The  fracture  of  indigo  is  dull 
and  earthy,  it  .sticks  to  the  tongue,  is  odorless  and  tasteless.  The  specific 
gravity  varies  from  1.324  to  1.455.  Helen  Cooley  *  has  given  the  follow- 
ing determinations  of  indigotin,  ash,  and  specific  gravity  in  a  number  of 
samples  of  commercial  indigo  : 


DESCRIPTION. 

Specific  gravity. 

Ash. 

Indigotin. 

Kurpah  blue 

129 

17  54 

55  11 

Watson's  best 

292 

6  50 

59  53 

Bengal  red    

391 

6  41 

54  03 

Oude  .    . 

427 

7  02 

52  90 

Bengal  blue 

431 

7  50 

57  60 

Kurpah  red  .    . 

1  529 

21  20 

45  28 

Guatemala    

1  559 

14  49 

47  04 

Indigo  preparations  have  been  referred  to  under  processes  (see  p.  433), 
and  it  was  then  noted  that  the  salts  of  the  indigo-sulphonic  acids  constituted 
the  several  so-called  indigo  extracts.  Indigo-carmine  is  the  potassium  or 
sodium  sulphindigotate  (C16H8(SO3K)2N2O2).  It  comes  into  commerce  in 


*  Amer.  Journ.  Anal.  Chem.,  ii.  p.  130. 
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both  paste  and  solid  form.  It  is  soluble  in  one  hundred  and  forty  parts  of 
mid  water,  readily  soluble  in  dilute  sulphuric  acid.  It  dyes  animal  fibres 
direct,  hut  with  a  much  lighter  >hade  than  indigo,  and  is  not  at  all  so  fast 
to  light,  while  to  vegetable  fibres  it  shows  no  affinity.  An  analysis  of  the 
several  grades  of  carmiue-pa>te  by  Mier/in-ki  *  gave  : 


DESCRIPTION. 

Water. 

Indigo. 

Salt 

<':miiini'  1  

89.0 
86.0 

i.96 

Kllll' 

5.7 
4.8 

73.7 

12.04 

13.9 

Saxony  Blue  (Chemic  Blue)  is  the  free  sulphindigotic  acid,  C16H8NjO, 
(SO3H)2,  and  forms  a  deep-blue  solution.  It  is  prepared  as  in  the  making 
of  indigo-carmine,  except  the  acid  is  not  saturated  with  alkali.  It  was 
largely  used  in  dyeing  wool,  but  is  not  adapted  for  silk.  Indigo-purple  is 
a  reddish-violet  powder,  which  mixed  with  varying  amounts  of  orseille  can 
be  used  for  dyeing  wool  directly  without  mordants.  For  its  preparation, 
powdered  indigo  is  covered  with  ordinary  (not  fuming)  sulphuric  acid,  and 
Laving  been  cooled  is  left  for  half  an  hour.  In  this  way  is  obtained  a  blue 
solution  of  sulphindigotic  (indigo-disulphonic)  acid,  which  can  be  worked 
up  into  indigo-carmine  and  a  violet  powder.  This  latter  is  the  monosul- 
phonic  acid,  which  is  washed  first  with  water  and  then  with  dilute  soda 
solution  until  the  washings  are  no  longer  acid,  then  dried  for  use  as  above. 
A  product  of  analogous  composition,  known  as  Boiley's  Blue,  is  prepared  by 
gradually  adding  one  part  of  finely-powdered  indigo  to  ten  or  twenty  parts 
of  acid  sodium  sulphate,  HXaSO4,  in  a  state  of  fusion.  The  product  is 
dissolved  in  water,  precipitated  with  common  salt,  and  washed  with  brine. 
Boiley's  blue  is  a  crystalline  light-purplish  mass,  soluble  in  water  with 
beautiful  blue-violet  color.  Its  solution  in  strong  boiling  acetic  acid 
deposits  on  cooling  large  prismatic  crystals  exhibiting  a  coppery  reflection. 
It  is  insoluble  in  alcohol  or  ether,  but  readily  soluble  in  hot  water.  The 
light  transmitted  by  the  solution  is  red.  With  barium  and  strontium  salts  it 
yields  violet  precipitates. 

The  fact  that  indigo  had  been  obtained  artificially  by  several  different 
methods  was  mentioned  under  the  artificial  dye-colors.  (See  p.  398.)  A 
synthesis  of  indigo-carmine  has  also  been  effected  within  a  few  months  past. 
The  process,  due  to  B.  Hermann, f  is  as  follows  :  One  part  of  phenyl-glyco- 
coll  (C6H5.NHCH2.COOH)  is  rubbed  up  with  ten  to  twenty  times  its  volume 
of  ciean  sand  (which  simply  acts  in  the  way  of  reducing  tne  temperature  of 
the  reaction),  and  slowly  added  to  fuming  sulphuric  acid,  with  eighty  per 
cent,  anhydride  strength,  warmed  to  20°  or  25°  C.  Care  is  to  be  taken  that 
the  temperature  does  not  thereby  exceed  30°  C.  After  the  solution  of  the 
phenyl-glycocoll,  which  takes  place  with  evolution  of  sulphurous  oxide, 
concentrated  sulphuric  acid  of  66°  B.  is  added  to  remove  the  excess  of 
anhydride.  It  is  then  diluted  with  ice  and  common  salt  added,  when  indigo- 
carmine  (indigo-disulphonic  acid)  at  once  separates  out.  Experiments  on 
dyeing  with  the  new  product  show  it  to  be  better  and  purer  than  the  com- 
mercial indigo-carmine.  Its  identity  was  established  in  a  number  of  ways. 


*  Ganswindt,  Farberei,  p.  150. 


t  Ber.  Chem.  Ges.,  xxiv.  p.  1476. 
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The  yield  at  present  amounts  to  sixty  per  cent,  of  the  theoretical,  but  this 
may  be  improved  by  further  study  of  the  conditions  of  the  reaction. 

(6)  From  Logwood. — Logwood  Extracts  are  prepared  as  liquids  of  12°, 
42°,  and  51°  Tvv.  (for  equivalents  of  the  BeaumS  scale,  see  Appendix)  and 
as  a  solid.  This  latter  forms  a  dry  black,  lustrous  and  resin-like  mass, 
which  is  quite  brittle  and  easily  powdered,  tastes  sweetish  astringent,  and 
yields  a  reddish-brown  solution.  The  specific  gravity  ranges  from  1.45  to 
1.51.  The  specific  gravity  is  not  a  reliable  indication  of  the  strength  of 
the  fluid  extract,  as  it  is  liable  to  be  raised  by  the  addition  of  salt,  glucose, 
molasses,  etc.  The  extracts  are  also  sometimes  adulterated  with  starch, 
dextrin,  chestnut-bark  extract,  hemlock  extract,  etc.  The  following  table 
by  Briihl  *  gives  the  yields  of  extracts  obtained  by  himself  from  different 
woods  and  the  percentage  solubility  of  the  resulting  extracts  in  ether  and 
alcohol.  The  portion  dissolved  by  ether  represents  roughly  the  hsematoxy- 
lin  percentage,  while  that  dissolved  by  absolute  alcohol  represents  the 
hsematein  and  decomposition  products  of  the  hsematoxylin. 


DESCRIPTION  OF  WOOD. 

Yield  of 
extract. 

Soluble  in 
ether. 

Soluble  in 
absolute 
alcohol. 

Residue. 

Yucatan 

20.20 
17.34 
21.00 
14.02 
19.30 
18.75 
14.00 
20.33 
16.00 
17.45 
18.00 
18.70 
18.00 
10.70 

60.12 
58.34 
51.37 
44.95 
43.81 
32.00 
34.72 
41.89 
50.00 
59.72 
59.24 
43.20 
43.05 
52.99 

37.46 
38.51 
47.95 
53.47 
50.32 
60.32 
54.10 
54.11 
47.92 
35.17 
34.81 
50.50 
50.71 
3012 

2.42 
3.15 
0.68 
1.58 
5.87 
7.68 
11.18 
4.00 
2.08 
5.21 
5.95 
6.30 
6.24 
16.89 

Yucatan  E   J 

Laguna                                           .    . 

St   Domingo          ...        

St.  Domingo,  O  

Monte  Christo,  1884     

Monte  Christo,  1887     

Fort  Liberte,  1886           

Fort  Liberte   1887 

Fort  Liberte,  1885-86  
Fort  Liberte,  J   B  ,  1887 

Jamaica              .        .           . 

Jamaica      .    .                        .... 

Jamaica  wood  roots      

Indigo  Substitute  (Noir  imperial,  or  Kaiser schwarz). — Under  these  names 
are  known  oxidized  logwood  extracts,  made  by  boiling  logwood  extract  with 
copper,  iron,  or  chromium  salts  with  the  addition  of  oxalic  acid.  They 
may  be  in  liquid  form,  or  pastes,  or  dry  powders.  The  preparations  are 
almost  insoluble  in  water,  but  completely  soluble  in  acids  with  yellowish- 
brown  color.  A  commercial  preparation  of  this  class,  known  as  "  direct 
black,"  for  cotton  forms  a  brownish,  viscid  liquid,  composed  of  fifty,  per 
cent,  water,  forty-five  per  cent,  of  a  substance  soluble  in  alcohol  and  ether 
(hsematoxylin  and  hsematein),  and  3.5  per  cent,  of  copper  sulphate.  Hcein- 
atein  (Hematin)  is  a  commercial  preparation  of  French  origin,  which  claims 
to  consist  of  nearly  pure  dyestuff.  It  forms  a  granular,  reddish-brown 
powder,  completely  soluble  in  water,  and  dyes  the  same  shades  as  those  ob- 
tained from  the  wood.  Fifteen  kilos,  of  hsematein  are  said  to  be  equiva- 
lent to  one  hundred  kilos,  of  the  logwood. 

(c)  Litmusy  as  has  been  said,  is  a  mixture  of  the  lichen  dye  of  that 
name  with  chalk  or  gypsum  as  inert  material.  It  is  made  in  different 
numbered  grades,  containing  different  amounts  of  the  mineral  matter.  Lit- 

*  Textile  Colorist,  x.  p.  148. 
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IMU>  in  the  dry  form  ha^  a  viol.-t-l»Ine  n.lnr,  i-  «|iiii.  friable.  ami  di—  «.l\cs 
in  water  and  dilute  alcohol,  leavm-  a  residue  of  chalk.  -)  p-nm,  alumina, 
>ilica,  etc. 

1.    FKOM  !li:o\\N  DYES.  —  (a)  Cut,,-/,,,  |,a,  L-,  i,  «1  already  in  part 

under  the  raw  materials  of  the  tannin-  indiMn. 

iiufre<|ueutlv  adulterated  with  March,  smd,  day",  and  hi  .....  I.      <...<„!  catii-hti 
should  yield  at   least  half  its  weight  to  ether  and   -Imuld    I..-  .  utin-lv  *olul>lr 
in  boiling  water,  the  latter  solution  depo-itini:  ratechu  ,,n  cooling.      (  'at.-dm 
doefl  not  wholly  dis>olve  in  eold  \\ater  unless  it  has  been    jm  \  \»\i~\\ 
lied  l.y  aii'eor  exposure  to  damp.      It  -honld  not  yield  more  than  fr, 
of  ash.     Prepared  Catechu  has  been  merely  purified  by  met  -hani«-al  i 
For    this    ])iirj)(»e,   the    eoimneivial    «-ate«-hu     i-    t'us«l    on    tl»e    \\:it«-r-hut!l, 
thereby  sand,  earth,  and  similar  impurities  settle  out,  and  then  it  iftfe 
to    remove    leave-,  etc.      The  material    so  obtained  is  again   melti-d  ..n  th«- 
water-bath,  and  to  every  one  hundred  parts  of  the  eat.ehu  threv-foiirths  JMT 
cent,  of  potassium  bichromate  is  addnl,  when   it   i-  all«.\\,d  to  cool  d 
again. 

IV.   Analytical  Tests  and  Methods. 

1.  FOR  DYE-WOODS.  —  Here  the  question  of  adulteration  does  not  come 

notably  in  play.  The  compact  woods  are  not  capable  of  min-h  adnlterati'-n 
of  any  kind.  When  chipped  or  rasped,  however,  they  may  U-  adult* 
<|iiite  considerably.  The  examination  with  the  microscope  or  simple  leu- 
will  often  suffice  to  indicate  the  nature  of  this  adulteration.  A  special  case 
of  cheapening  is  that  of  the  cured  or  ieriiH  nted  logwood  chips,  whirh,  as 
has  already  been  stated,  may  take  up  as  the  result  of  this  fermentative  pro- 
cess as  much  as  thirty  to  forty  per  cent,  of  water.  In  this  case  a  moisture 
determination  will  show  the  change,  allowance  being  made  for  the  fourteen 
per  cent.,  which  is  the  average  moisture  of  the  uniermented  wood. 

To  determine  the  comparative  dyeing  value  of  ditleivnt  samples  of 
woods,  the  only  thoroughly  reliable  test  is  an  actual  dyeing  tot  made  with 
definite  weights  of  the  wood,  thoroughly  extracted,  and  using  definite 
amounts  of  mordants  upon  the  wool  or  other  fibre  used.  This  test,  as 
applied  to  logwood,  for  example,  would  be  carried  out  as  follows  :  *  "Some 
white  wool  is  boiled  in  a  solution  of  potassium  l>iehromate  containing  -ueh 
an  amount  of  the  salt  as  will  correspond  to  three  per  cent.  ..f  the  \\ei-Jit  of 
the  wool.  The  mordanted  wool  is  then  introduced  in  >mall  I  p«.r- 

tions  into  the  hot  liquid  to  be  tested  (logwood  decoction  or  extract!  when 
it  will  he  dyed  black,  and  the  weight  which  can  be  thus  dyed  will  be  an 
indication  of  the  amount  of  the  coloring  matter.  Thi>  method  of  !••_ 
assay  takes  cogiii/auce  both  of  the  actual  and  the  potential  colnrin^  matter 
present  (hsematein  and  hsematoxylin),  and  is  a  more  rational  method  of 
examination  than  an  v  based  <>n  the  color  produced  on  cotton  mordanted 
with  alumina  or  tin  salts."  The  dye  test  in  other  cases  must  !*•  made  \\\**\\ 
a  normal  prepared  extract  of  known  Mnn-th  and  purity,  and  the  result 
compared  with  those  obtained  with  a  corn-pond  in-  \\ei_Ljht  of  the  supposed 
adulterated  sample. 

2.  FOR  DYE-WOOD  AND  OTHER  EXTRACTS.  —  (a)  Or«e//  '.—This 
may  be  adulterated  with  logwood  or  Brazil-wood  extract     They  may  be  de- 
tected, according  to  Leeshing,  as  follows  :  A  solution  of  orseille  extract,  much 

i 

*  Allen,  Commercial  Organic  Analysis,  2d  ed.,  iii.  p.  880. 
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diluted  and  acidified  with  acetic  acid,  will,  if  pure,  when  boiled  with  a 
freshly-prepared  solution  of  stannous  chloride,  become  pale  yellow  or  almost 
colorless,  while  logwood  extract  solution  under  similar  circumstances  will 
show  a  violet  color  and  Brazil-wood  solution  a  red  color.  If,  therefore,  the 
orseille  is  adulterated  with  logwood  extract  a  permanent  grayish-blue  color 
will  show,  if  with  Brazil-wood  extract,  a  reddish  color. 

Orseille  is  also  found  frequently  to  have  been  adulterated  with  aniline 
dyes,  especially  magenta,  acid  magenta,  and  methyl  violet.  For  the  detec- 
tion of  magenta  and  methyl  violet  Knecht  *  employs  cotton  yarn  dyed  with 
chrysamin  (p.  397).  This  does  not  take  up  the  coloring  matter  of  the 
orseille,  but  is  dyed  red  by  magenta  and  brownish-red  by  methyl  violet. 
To  detect  the  acid  magenta,  Kertesz  f  treats  the  orseille  preparation  with 
benzaldehyde  and  adds  to  the  solution  tin  salt  and  hydrochloric  acid, 
shaking  up  the  mixture  thoroughly.  If  acid  magenta  was  present  a  red 
color  will  remain,  while  with  pure  orseille  the  solution  remains  colorless. 
One  part  of  acid  magenta  in  one  thousand  parts  of  orseille  it  is  said  can  be 
thus  detected.  For  other  tests  for  the  artificial  dye-colors  when  present  as 
adulterants  in  orseille,  see  Allen,  "  Commercial  Organic  Analysis/7  2d  ed., 
iii.  pp.  322  and  323. 

(6)  Quercitron  Extracts. — The  dyeing  value  of  the  extract,  as  well  as  a 
possible  adulteration  of  the  same  with  dextrin,  glue,  etc.,  can  be  best  de- 
termined by  an  actual  dye  test.  For  this  purpose,  wool  is  boiled  with  1.5 
per  cent,  of  tin  salt  and  three  per  cent,  of  oxalic  acid,  then  washed.  One 
gramme  of  the  wool  is  now  dyed  with  twenty  cubic  centimetres  of  a  solu- 
tion of  ten  grammes  of  the  quercitron  extract  in  one  thousand  cubic  centi- 
metres of  water.  Similarly  several  portions  of  one  gramme  each  of  mor- 
danted wool  are  dyed  with  solutions  of  pure  bark  or  pure  extract  of  definite 
strength,  and  the  results  compared. 

(c)  Annatto  (Orlean). — Annatto  possesses  only  a  slight  importance  as  a 
dyeing  agent,  but  special  importance  as  the  basis  of  most  butter  colorings. 
(See  p.  259.)  It  is  therefore  a  commercial  article  of  common  use  and  liable 
to  be  adulterated.  The  common  adulterants  are  starch,  dextrin,  chalk, 
silica,  alumina  compounds,  and  common  salt,  together  with  ochre,  brick- 
dust.  Most  of  these  increase  notably  the  percentage  of  ash,  which  in  a 
pure  sample  it  is  said  should  not  exceed  ten  to  twelve  per  cent.  Wynter 
Blyth  gives  the  following  two  analyses  as  illustrating  the  nature  of  its 
adulteration : 


DESCRIPTION. 

Water. 

Resin. 

Extractive 
matter. 

Ash. 

Fair  commercial  sample    .    . 
Adulterated  sample    .... 

242 
134 

28.8 
11.0 

245 

27.3 

22.5 
AQ  o  )  Oxide  of  iron,  alumina, 
•6  }   silica,  chalk,  and  salt. 

For  dyeing  purposes  the  only  satisfactory  test  is  an  actual  dyeing  test  in 
comparison  with  an  authentic  unadulterated  sample.  For  the  analysis  of 
the  many  butter-coloring  mixtures  containing  annatto  as  the  basis  the  reader 
is  referred  to  Allen,  "  Commercial  Organic  Analysis,"  2d  ed.,  iii.  pp.  353-356, 
and  Wynter  Blyth,  "  Foods,  Composition  and  Analysis,"  p.  306. 


*  Journ.  Sue.  Dyers,  etc.,  ii.  p.  58. 


f  Dingier,  Polyt.  Journ.,  256,  p.  281. 
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(//)    Lnifn-nntl    A'./V/V/r/.— 1 1,  ,|  |,    til.'    li.|llid    and    til."  x.lid   «  Xtnifti    EIV    liable 

t«>    IM-    adulterated,    the    form. -r    \\ith    -In,-,,.,..    ML  .la—  -.   d.  \trin,   salt,  and 

other  extracts  of  leaser  value,  the  latter  \\ith  Man-h  :m,i  ,,,•, 

Notably  arc   tin-    French  and  <  Jcrman    log* I  eztraotS  aduli  D    the 

way  JIM    referred    t«>.      Tin-    follM\\inur   aiial\  ~e~  .,t    -..nie  ,,f  the   e,,mn 
extract-   a-   currently  -old    in    Framv  and    (i.unany  arc  given    I-.     \'.    II. 

Soxhl,  !  : 


DESCRIPTION  or  EXTRA*  T. 

MoltMMi. 

Dextrin 

Ch«*lnul  extract 

Mi 

Guaranteed  Pure,  30°  U. 

I'ri.na.  :!0°  B  
ai«l:i,  :i()°  B  
Seen  lulu,  Solid      
:.>rd   Ununl.   I  
Saiif»rd   llrand.   II  
•'•rd  Brand,  III. 

.")  IMT  c.-nt. 
in 
lid 
20 
' 
« 
35             « 

10  " 
15   "       " 

10  per  ct-nt. 
10   "       " 

10  per  <*nt 

Saiitl.nl  llmnd  here  referred  to  is  a  Fn-nrh  .\tra.t  mad.-  in  imita- 
tion of  the  original  American  Saut'«»nl   K\tra«-t. 

The  extracts  may  l»c  toted  for  purity  either  !»y  the  colorimetric  assay 
or  l)v  comparative  dye  tests.  The  eoloriinetric  te-t  i-  carried  out.  ac.-,,rdinLr 
to  Henry  Trimble,t  as  follows:  A  volume  of  solution  e.,n-.-pi.ndiiii:  t.. 
.001  gramme  of  the  f//y/  e\ti-act  i-  treated  with  ten  mhir  «-entinietres  of 
water  naturally  or  artificially  containing  traces  of  calcium  <-ailH,nat.  and  a 
solution  of  .002  gramme  of  erystalli/ed  e.,j»]M'r  sulphate.  The  mixt 
brought  (jiiiekly  to  the  l>oiling-point  and  diluted  \\ith  di-tiH^l  \\att-r  to  one 
hundred  cubic  centimetres.  The  color  of  this  solution  i-  then  compared 
with  one  of  pure  hsematoxylin  similarly  treated,  or  with  a  Mandard  -ample 
of  logwood  extract. 

The  method  of  carrying  out  the  dye  test  for  log\v«M.d  with  l»i<-hromate 
of  potassium  mordant  has  already  Wn  given   in  -jH-aking  of  dye-wo^U. 
The   same  test  is,  of  course,  equally  applicable   t.»   the  extracts.     < 
strips  are  sometimes  used  for  thoe  dye  te-t.-  in-t.ad  ot'  \\ ,„,!.     The  . 
strips  must  be  boiled  in  dilute  soda  solution  and  \\ell  \\a-hed.     Th.  \   may 
then  be  mordanted  with  nitrate  of  iron  solution  in-t.  ad  ••!'  the  rhrMinium  salt, 

following  the  nitrate  of  iron  with  a  rin>ing  in  car! ate. .f- da  -.lution  and 

thorough  washing.     They  are  then   put   in   the   dyc-Uith    o»M,  and    this 
gradually    heated  to  boiling.      In  this  dyr-te-ting   \\ith   iron   -olution.   the 
EaematOXvlin  of  the  solution  i-  oxiili/ed  by  the  ferric  ,.\id«-  to  ha-mat. 
that  the  full  coloring  value  of  the  l..-\\ 1  i-  ol.tain-d  in  the  test 

For  the  disco\vrv   of    adulteration-   like  eh«-tnut    extract,   \\hirh 
tain   almost    QOthing  soluble   in  ethei\    Ilou/eau    pr.H-MiU  as   ii.ll..\\- 
gramme  of  the  extract  to  be  inv-ti-at.  d   i-  dri.d  at    11"  .n-t.-d 

with  ether,  and  the  weight  of  the  di-olved  material  determined.  The  un- 
dissolved  material  is  then  exhau- ted  \\ith  ab-olute  alcohol,  and  the  \, 
of  the  portion  dissolved  by  this  als<»  «letermined.  The  eompari-on  of  the 
figures  so  obtained  with  those  yielded  when  a  pure  extract  i-  tn-atetl  with 
the  sime  solvent-  will  show  dearly  the  prcsem-c  .-r  abscmv  ••!'  adulterating 
extract.  Dve  trsts  ma\  also  be  carried  out  with  the  material  which  ha- 


Farber  Zeitung,  Aug.  1,  1890,  p   368. 


f  Jour  p.  92. 
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been  extracted  by  ether  and  alcohol  respectively  in  the  two  cases,  and  the 
difference  more  fully  established. 

(e)  Catechu  Extract. — Catechu  is  frequently  adulterated,  not  only  with 
mineral  matter  like  sand  and  clay,  but  with  starch,  dextrin,  sugar,  blood, 
etc.  The  mineral  matters  will,  of  course,  remain  in  the  ash.  This  in 
normal  catechu  should  not  exceed  five  per  cent.  The  starch  may  be  de- 
tected by  extracting  the  sample  with  alcohol,  boiling  the  insoluble  residue 
with  water,  and  testing  the  cooled  liquid  with  iodine,  which  will  show  by 
the  blue  color  any  starch  present.  An  addition  of  alcohol  to  the  aqueous 
solution  will  show  by  the  production  of  a  turbidity  any  notable  quantity  of 
dextrin.  Blood  may  be  detected  by  treating  the  sample  with  alcohol,  and 
drying  and  heating  the  residue  in  a  tube,  when  ammonia  and  offensive  de- 
composition products  will  be  given  off,  or  the  coagulation  of  the  blood 
albumen  when  the  aqueous  solution  is  boiled. 

The  value  of  catechu  for  dyeing  purposes  can  only  be  determined  by  a 
dye  test.  For  this  purpose  strips  of  cotton-stuff  are  immersed  for  half  an 
hour  in  a  catechu  solution  (for  each  gramme  of  the  cotton  fifty  cubic  centi- 
metres of  a  catechu  solution  containing  five  grammes  to  the  litre  of  water 
are  taken  and  diluted  with  water  if  necessary).  The  strips  are  pressed  out, 
and  then  the  color  developed  by  oxidizing  in  a  hot  solution  of  one  to  two 
grammes  of  potassium  bichromate  to  the  litre  of  water. 

3.  FOR  COCHINEAL. — The  adulteration  of  cochineal  may  be  effected  in 
various  ways.  A  very  common  adulteration  is  to  admix  with  the  fresh 
cochineal  insects  others  from  which  the  coloring  power  has  already  been  in 
large  part  extracted.  To  give  the  exhausted  cochineal  insects  the  appear- 
ance of  fresh  ones,  they  are  shaken  up  with  talc,  barytes,  and  white  lead, 
and  thus  given  a  coating  resembling  the  silvery  insects.  Either  a  wash- 
ing or  an  ash  determination  will  serve  to  detect  this  adulteration.  The 
valuation  of  the  cochineal  as  to  coloring  power  may  be  made  by  several 
methods.  The  one  best  known  is  that  of  Penny,*  in  which  one  gramme  of 
the  cochineal  is  treated  with  fifty  grammes  of  dilute  potassium  hydrate, 
twenty-five  grammes  of  water  added,  and  to  this  is  then  added  drop  by 
drop  a  solution  of  ferricyanide  of  potassium  containing  five  grammes  to 
the  litre.  The  solution  loses  its  purplish-red  color  and  becomes  brownish- 
yellow.  The  action  of  the  ferricyanide  of  potassium  solution  is  tested  in 
comparison  on  the  solution  of  one  gramme  of  a  cochineal  of  known  purity. 
Liebermann  f  extracts  the  cochineal  with  boiling  water,  and  determines  the 
coloring  matter  by  the  addition  of  a  slightly  acid  solution  of  lead  acetate. 
After  filtering  and  washing  the  lead  precipitate,  a  lead  determination  is 
made  in  an  aliquot  portion,  and  from  this  the  percentage  of  coloring  matter 
calculated.  Allen  does  not  consider  either  of  these  methods  to  be  perfectly 
satisfactory.  An  actual  dye  test  is  therefore  in  the  end  to  be  regarded  as 
the  most  reliable  method  of  valuation.  For  this  purpose  strips  of  woollen 
stuff  of  about  five  grammes  in  weight  are  put  into  the  bath  until  the  color 
is  all  taken  up.  A  portion  of  the  strips  may  then  be  dyed  scarlet-red  by 
immersing  them  in  a  tin  solution  (for  one  gramme  of  cochineal  two  grammes 
of  cream  of  tartar,  two  grammes  of  tin  salt,  and  as  much  water  as  is  needed 
to  thoroughly  immerse  the  strips),  and  the  other  portion  of  the  strips  may 
be  dyed  a  cherry-red  by  the  use  of  an  alum  solution  (for  one  gramme  of 
cochineal,  three-fourths  gramme  of  cream  of  tartar  and  one  and  a  half 

*  Journ.  fur  Prakt.  Chem.,  71,  p.  119.      f  Berichte  der  Chem.  Ges.,  xviii.  p.  1970. 
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gramm. s  of  alum).     These  string  are  then  to  be  compared  with  other*  ob- 
tain.•<!  In  mi  similar  treatment  «,f  a  normal  ,,r  pun-  c,N-|,ineal 

1.  FOR  IM>!(,<»  AND  ns  l'i:i.i- \i:.\  i  H.N-.-- Indigo  ma\  U-  ,,f  very 
varying  value  as  it  comes  int..  commerce,  partly  becau*-  litli-reoon 

natural  to  such  a  product  ami  dependent  upon  tin-  dill'm-mi-  in  cultivation 
of  the  plant,  care  in  extracting  ami  dr\  ing  the  n  it  the 

natural  product  i-  at   l>e-t  a  mixture,  and    partly  In  mi    mt.nti..na! 
tion.      Tims  March  e«,l,,red  uith    iodine,  I'ru-siun  him-,  -malt,  ami  logwood- 
powder  arc  said  to  In-  used  a-  adulterant-   of  c..mm. -n-ial    indi-...      h, 
to  detect   the   March,  the   -u-p.-cted    -ample    i-  riiMx-d    up  in  \\ith 

chl..rine-\vater  until  it  is  completely  decol<.ri/ed,  \\ln-n  a  dn.p  ••!'  potaflMtim 
indidc  is  added.  If  starch  lx-  pn-«-nt  the  hlue  i-,,l,,r  ••!'  i.^lide  of  starch 
will  bo  seen.  T<>  detect  the  smalt  or  Prussian  blue,  the  Cample  i-  «.\ 
with  nitric  acid,  when  if  a  blue  residue  is  shown  in  the  y. -11. .\\i-h  -«-lution 
adulteration  is  indicated.  If  the  adulterant  \\en-  I'russiun  blue,  the  color 
fades  too  after  a  time,  if  smalt,  it  is  p< -rman.  nt.  T-d.-t.-ei  l..-u.H-1-jMiwder, 
mix  the  sample  with  oxalic  acid,  place  it  upon  tiller- pajM-r.  and  moi-tni  it  ; 
in  the  presence  of  logwood  the  paper  \\ill  IK?  colored  nil,  it*  the  simple  were 
pun-  it  is  unchanged. 

In  the  assay  of  commercial  indigo  the  moixture  is  generally  to  be  deter- 
mined. This  should  not  exceed  some  seven  per  cent,  in  a  genuine  *amnlo. 
The  (tsh  similarly  is  an  important  criterion  of  the  quality  ot'  the  imligo 
sample.  In  the  purest  kinds  it  is  sometimes  as  low  as  two  per  cent,  but 
from  five  to  eight  per  cent,  is  more  usual.  Some  of  the  inferior  grades  of 
indigo,  such  as  Kurpahand  Madras,  may  contain  from  twenty-five  to  thirty- 
five  per  cent,  of  ash. 

The  methods  for  the  determination  .,f  the  percentage  of  indigo-blue  are, 
of  course,  the  most  important  things  to  be  considered  in  c.miHi-tion  \\ith 
indigo  as  a  dyeing  material.  They  are  very  numerous.  M  <  may  sum- 
marize the  more  important  of  them  under  three  head-, — \  dation 
methods,  reduction  methods,  and  sublimation  of  the  pure  indi^o-Miie  from 
the  commercial  product. 

The  oxidation  of  the  indigo-blue  takes  plaee  in  a.  id  -olution,  the  indigo 
being  previously  dissolved  in  strong  sulphuric  a< -id.  Potassium  perman- 
ganate, bichromate,  and  ferricyanide  have  all  bcm  reoommc&ded  and  used 
in  this  connection.  All  the  processes  are  open  to  the  ••l»ji-etii.n  that  the 
oxidizing  agents  act  on  the  indigo-gluten  and  ferrous  salts  as  well  as  on  the 
indigo-hlue  and  indigo-red,  but  the  errors  due  to  this  «iu-e  may  IN-  i 
rally  avoided,  as  pointed  out  by  Kawson,  by  pivvi«m-ly  pn-cipitatii 
BolphindigotiQ  acid  in  the  form  Of  the  >odium  -alt  l.y  addm-  OOnUDOfl  -alt  t«. 
the  solution.  The  method  with  permanganate  of  potassium,  m.Hlit 
this  manner  by  the  use  of  common  salt,  is  as  follows  :*  One  gramme  ,.f  the 
sample  of  indigo  in  the  form  of  an  impalpable  powder  is  mixed  in  a  small 
mortar  with  its  own  weight  of  ground  glas.-.  Thi-  mixture  is  gradually 
added  with  constant  stirring  to  tw. -nty  cni.ie  centimetres  of  oon«-' -ntrated  8ul- 
plmric  acid  (specific  gravity  l.SJ.">),  wlu'<-h  is  then  h.at.d  to  about  85®  C. 
for  an  hour.  The  product  is  then  cooled,  diluted  with  \\ater  t«.  one  litre, 
and  filtered  from  indigo-brown  and  other  soluMe  matter.  .-ul.i,- 

centimetres  of  the  filtered  solution  arc  now   taken   dilut.-d  with  titty  «-ul.i.- 
centimetres  of  water,  and  thirty-two  grammes  of  common  salt  add 

*  Allen,  Commercial  Organic  Analysis,  2d  ed.f  iii.  p.  308. 


444  NATURAL  DYE-COLORS. 

quantity  is  almost  sufficient  to  saturate  the  liquid.  After  standing  for  two 
hours,  the  solution  is  filtered,  and  the  precipitate  washed  with  about  fifty 
cubic  centimetres  of  brine  of  1.2  specific  gravity.  This  sodium  sulphindi- 
gotate  is  dissolved  in  hot  water,  the  solution  cooled,  mixed  with  one  cubic 
centimetre  of  sulphuric  acid,  and  diluted  to  three  hundred  cubic  centimetres. 
This  solution  is  then  titrated  in  a  porcelain  dish  with  a  solution  of  potas- 
sium permanganate  containing  .5  gramme  of  the  solid  salt  per  litre,  the 
exact  oxidizing  power  of  which  has  been  ascertained  by  experiment  with 
a  solution  of  pure  indigotin.  The  oxidation  is  regarded  as  complete  when 
the  liquid  which  at  first  takes  a  greenish  tinge  changes  to  a  light  yellow 
with  a  faint  pink  color  on  the  margin. 

The  reduction  of  indigo-blue  may  take  place  in  alkaline  solution  or 
with  a  solution  of  the  sulphindigotic  acid  or  its  salts.  Ferrous  hydroxide 
and  hyposulphites  are  among  the  reducing  agents  used  to  effect  the  reduction 
in  alkaline  solutions.  C.  Rawson  considers  the  hyposulphite  reduction 
method  the  better  one  of  the  two.  In  carrying  it  out,  one  gramme  of  the 
finely-powdered  sample  is  made  into  a  paste  with  water  and  placed  in  a 
flask  with  about  six  hundred  cubic  centimetres  of  lime-water.  The  flask  is 
closed  by  a  cork  having  four  perforations,  two  of  which  serve  for  the  pas- 
sage of  coal-gas,  a  third  carries  a  siphon,  while  to  the  fourth  is  fitted  a  tap- 
funnel.  The  contents  of  the  flask  are  heated  to  80°  C.  and  one  hundred  to 
one  hundred  and  fifty  cubic  centimetres  of  a  strong  solution  of  sodium 
hyposulphite  (NaHSO2)  introduced  through  the  tap-funnel.  In  a  few 
minutes  the  liquid  assumes  a  yellow  tint,  and  is  maintained  at  a  tem- 
perature near  the  boiling-point  for  half  an  hour.  After  allowing  the  in- 
soluble matters  to  subside,  an  aliquot  portion  of  the  solution  should  be 
removed,  and  a  current  of  air  drawn  through  it  for  about  twenty  minutes, 
when  it  is  acidulated  with  hydrochloric  acid.  The  precipitate,  which  con- 
sists of  indigotin  and  indigo-red,  is  collected  on  a  weighed  filter,  washed 
with  hot  water,  dried  at  100°  C.,  and  weighed.  It  is  then  exhausted  with 
boiling  alcohol,  whereby  the  indigo-red  is  dissolved  out  and  the  difference 
again  weighed  as  indigo-blue.  Rau  reduces  the  indigo  in  alkaline  solution 
with  glucose,  and  L.  M.  Norton  uses  milk  of  lime  and  zinc-dust  as  reducing 
agent,  and  then  takes  an  aliquot  portion  of  the  reduced  solution  to  reduce 
a  solution  of  iron-alum.  The  ferrous  salt  formed  corresponds  to  the  re- 
duced indigo  in  the  volume  taken,  and  is  determined  by  titration  with  a 
standard  solution  of  potassium  bichromate.  (For  details,  see  Helen  Cooley's 
article,  Amer.  Journ.  Anal.  Chem.,  ii.  p.  133.) 

For  the  reduction  of  the  indigo  in  acid  solution,  Bernthsen  and  Drew  * 
recommend  the  .use  of  hyposulphite  of  soda  (NaHSO2),  and  claim  that 
the  reaction  is  a  quantitative  one  :  C16H8N2O2(SO3H)2  -f-  NaHSO2  -f-  H2O  = 
C16H10N202(S03H)2  +  NaHS03. 

C.  Rawson  f  considers  that  of  all  the  volumetric  methods  which  have 
been  devised  for  estimating  indigotin  the  hyposulphite  process  is  capable  of 
giving  the  most  rapid  and  accurate  results,  but  that  considerable  care  and 
delicacy  are  required  in  its  manipulation. 

Lee  J  has  proposed  the  sublimation  of  the  indigo-blue  as  a  method  for 
determining  its  percentage  in  commercial  indigo.  Other  writers,  however, 

*  Chem.  News,  xliii.  p.  80. 

t  Allen's  Commercial  Organic  Analysis,  2d  ed.,  iii.  p.  309. 

I  Chem.  News,  1.  p.  49. 
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«lo  not  agree  that,  unl<-<  tlu-  iu.li-..  liu>  IMM-II  |.ivvi.,u-ly  somewhat  put 
tin-  iv.-iilts  can  be  depended  UJK.H. 

C.  Kau-Mii*   ha-   -ivni  tin-  follow  inLr   n.-ult-  with  f-ninmcn-ial  •B'ftptfty 
the  several  ju'ocesses  ju.-t  dctaiho!  : 


METHOD  USED. 

Java. 

H,:.,,: 

Bongal. 

Oote 

Kun-i, 

M,,,. 

Water 

•'  vi 

622 

,;  IT 

7  An 

-  H 

-    1 

\-h    .    . 

1  '.-) 

.1  w(; 

-  "! 

•  •  -., 

lruliin>tin,  by  Miblmiati'iii  .... 
Indigotin,  volumetric,  by  hypo- 

00.84 
08  78 

,v»  M 

I9.M 

41.60 

i      ;  ^ 

n  U 

-I"  H 

,         -.    . 

Indigotin,  gravimetric,  by  ferrous 

MllpliaU-    an<l    NaOlI 

0824 

5884 

•M   :i 

II     " 

41  AO 

1          " 

1  ii'liLTotin,   ^raviim-tric.  by   IIVJH.- 
.-ulphitr  and  lime    

68  <»7  •> 

69  12  \ 

50  20) 

I  :  I  •  i 

1",-, 

LHi 

Indirubin.  -«'|'anit«-d  by  alcohol    . 
Indigotin  and  iiidirubiii,  titrati«>n 
\vitli  K  MnO    din  -t-t 

70  18 

8.50  / 

•  ,"  H 

|.6ft  J 

",tl    Ui 

2.46} 

47  1ft 

:    •-  , 

•  n 

Indigotin  and   indirubin  titrati»n 
precipitation  with  -alt  .   . 

78.55 

03.50 

57.60 

44.90 

48.10 

87.40 
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8TAT181 

1.  INDIGO  PRODUCTION  AND  EXPOHIN.— The  present  annual  prmlu«- 
tion  of  natural  indigo  is  estimated  to  be  as  follow- : 

Bengal  .  4,000,000  kil«*.,  valued  at  $10,000.000 

Mad".-:,- l.lm.Ooo     ' 

Manila.  .lava.   H,.n.l,,iv 1,000.000     ' 

Central  America     . 1.126,000    » 

China  and  other  countrU-s 1,000.000     ••  »       "       2.500.000 

-  120,000,000 


*  Allen,  Commercial  Organic  Analysis,  2d  ed.,  iii.  p.  811. 
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The  exportations  of  indigo  from  India  in  recent  years  have  been  as  fol- 
lows : 

1884-85. 

Chests. 
Germany,  Austria,  and  Holland  .  .  12,500 

England 9,200 

France,  Switzerland,  and  Italy  .  .  5,400 

Kussia 2,100 

America 8,800 

Arabia  and  the  Levant 1,000 


1885-86. 

1886-87. 

1887-88. 

1888-89. 

Chests. 

Chests. 

Chests. 

Chests. 

8,700 

8,505 

9,900 

10,836 

5,600 

7,434 

6,300 

6,085 

4,250 

5,011 

6,000 

3,965 

2,550 

1,463 

2,600 

2,815 

6,550 

9,936 

7,500 

9,263 

500 

1,268 

700 

648 

Total 


39,000    28,150    33,617     33,000    33,612 

(Schultz,  Chem.  des  Steinkohlentheers,  2d  ed.,  vol.  ii.  p.  885.) 


2.  IMPORTATIONS  OF  DYE-WOODS,  DYE- 
United  States  importations  of  dye-woods  and 
have  been : 


WOOD  EXTRACTS,  ETC. — The 
natural  dyes  for  recent  years 


Cochineal,  pounds 181,565  549,998 

Valued  at $46,444  $74,285 

Logwood,  tons 78,474  69,354 

Valued  at $1,532,595  $1,449,037 

Cutch  (catechu),  pounds 12,286,470  10,855,151 

Gambier,  pounds 24,733,164  23,213,647 

Indigo,  pounds 3,118,183  3,550,765 

Valued  at $2,235,663  $2,684,105 

Logwood  and  other  extracts,  pounds  2,551,455  2,195,284 

Valued  at $173,911  $149,789 

Sumach  (ground),  pounds  ....  13,735,984  11,197,305 

Valued  at $270,209  $206,643 


1890. 

202,931 

$42,435 

65,870 

$1,501,574 

15,828,158 

2,823,962 
$1,827,937 

2,825,155 

$218,105 
16,397,213 

$302,375 


The  English  importations  of  dye-woods  and  natural  dye-colors  for  the 
same  period : 

1888.  1889.  1890. 

Cochineal,  hundredweight    .    .    . 

Valued  at 

Cutch  and  gambier,  tons  .... 

Valued  at 

Indigo,  hundredweight     .... 

Valued  at £1,703,682 

Madder,  hundredweight 15,034 

Valued  at £19,292 


1888. 
7,340 
£48,310 
28,135 
£704,731 
78,188 


1889. 

8,095 

£50,297 

25,107 

£678,548 

90,483 

£1,783,256 

14,199 

£17,139 


7,808 

£51,067 

27,445 

£717,820 

81,844 

£1,521,369 

11,373 

£15,545 


The  German  importations  of  dye-woods,  etc.,  for  the  same  period  have 
been  : 


Madder 

Quercitron 

Logwood  ...... 

Fustic 

Brazil-wood,  etc.     .    . 

Cochineal 

Catechu  and  gambier 

Indigo 

Orseille  and  perseo .    , 
Dye-wood  extracts  .    . 


Met.  cent. 

5,077 

9,332 

521,245 

70,313 

66,325 

1,119 
68,739 
15,772 

7,335 
50,923 


1889. 

Met.  cent. 

3,821 

10,249 

508,104 

66,909 

83,086 

904 

72,867 

19,350 

3,974 

45,491 


1890. 

Met.  cent. 

2,495 

14,263 

528,806 

65,162 

69,162 

772 

73,500 

20,076 

8,809 

46,855 
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CHAl'TKl;     XIV. 
BLKA.  -HIM,.    I-YIIMJ,   AND  Ti:\  II!  i;    I-I:IM: 

PIIKUMINAKY. — Prior  to  the  operation  of  bleaching,  e.\<vpt   in 
wbere  delicate  shades  are  required,  it  i-  al\\a\  s  necessary  to  thoroughly  cleanse 
the  fibre  or  fabric  of  grease  and  dirt.     Forcotfon,  \vlii  rally  handled 

a-  hanks,  warps,  and  piece-,  it  i-  -utlieieiit  to  ln.il  it    in   a  dilute  x.lutionof 
caustic  soda  or  soda  a-h,  followed  by  a  Lr'»>d  rin-in^  ;   it    mav.  in  ~«iu<    in- 
stanees,  be  boiled  in   plain  water,  wrung  out,  and   i.l.a.i 
narily,  however,  ^toiling  for  two  to  three  hours  in  a  Imth  of  ,  "i^ht  • 
per  cent,  of  crystallized  soda  and  one  to  two  per  soap,  calculate!  t-. 

the  weight  of  the  cotton,  yields  good  re>nlt.      Wool  is  always  thoroughly 
scoured  both  before  and  alter  it  is  manufactured  into  vain.     Tin-  --a). 
tion  generally  employed  contains  from  four  to  five  ,,un«i-  t..  tin-  jjali 
water,  accompanied  usually  with  a  carbonated  alkali  (pnta>h  or  amu 
in  about  the  following  proportion  :  ten  percent,  of  >..da  and  two  percent,  of 
soap.     The  temperature  of  the  bath  WingaUut  4o°  to  :><)°  C.     (S 
For  silk  (see  p.  299)  the  scouring-bath  contains  almut  twenty-five  to  thirtv 
jMMinds  of  Castile,  Marseilles,  or  other  nt-ud-n/  *»njt  t'«ir«-a« -h  hundred  pouncU 
of  silk,  and  a  temperature  at  or  near  the  boiling-point  is  taken  f<»ralx>ut  t\\«» 
hours,  turning  the  silk  occasionally.     For  sonu      I  i^  a  second  scouring  can 
be  employed  to  advnntn^e,  only  one-half  the  quantity  ..f  >oap  U-in^  used  as 
in  the  first  bath.     It  is  the  practice  to  use  the  bath-  >« -v» -ral  tim.-s,  care  be- 
ing taken  to  enrich  them  with  fresli  soap.     Further  information  in  regard 
to  the  general  treatment  of  the  above  fibres,  the  recovery  of  products,  etc., 
is  given  in  Chapter  IX.  p.  iMrj. 

A.  BLEACHING. — This  highly-important  oj>enition  re>ult.-  in  a  more  or 
less  complete  destruction  of  the  natural  colorinir  matter  \\hich   i*  I'mind  in 
all  fibres  of   industrial   importance.      Owing  to  the   somewhat    po\\,rlul 
action  of  most  of  the  agents  employed  for  the  pur|Misc»,  it  will  apjx-ar  that 
unless  care  and  discretion  are  applied  toth«-iru>c  ..n  the  part  «.f  the  blc-a«-her. 
something  more  than  a  destruction   of  the  enlnrin^  matter  will  ocvur, — a 
probable  partial  de.Mniet ion  of  the  fibre.      The  ojH-ration   has  bcvn   kn..\\n 
since  the  earliest  times;  the  white  linens  of  the  Kgyptiuns  and  Phcen: 
were  much  esteenunl  by  the  nations  trading  witli  tln-m.      IMiny  refers  to  the 
use  of  plant-ashes,  nseil,  p«.>sihly.  »n  acemmt  «.f  the  alkalies  in  them, 
many  years  the  Dutch  appear  to  liave  mon^polm-d   the   indu-try  and 
in   Europe.     In   the   early  part   of  the  .:h   .-.-iitury    immeii^- 

were  given  up  \\holly  to  bleaching  in  the  rnit.il  Kinird..m  ;  tin-  process  as 
carried  out  required  several  month-,  .•'.u-i-ting  of  a  successive  treatment  of 
the  cloth  or  fabric  in  alkaline  solution— term. .1  "  /,,/, •/;/,<,/•'-- and  washin-. 
then  exposing,  while  damp,  and  spread  out  on  the  grass  to  the  sunlight  f..r 
a  tew  weeks  (crofting),  immersing  in  sour  milk,  \\a-liiiiL:  a-jain.  and  finally 
exposing  on  the  ^rass.  These  several  opcniti«.n-  U-im:  repeated  until  th«- 
required'  degree  of  whiteness  is  obtained.  Great  improvements  in  the  above 
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FIG.  123. 


tedious  process  resulted  when  the 
use  of  sulphuric  acid  was  substi- 
tuted for  the  sour  milk,  and  chlo- 
rine gas  replaced  the  lengthy  field 
exposure,  this  latter  being  due  to 
M.  Berthollet ;  but  the  general  use 
of  this  substance  was  not  estab- 
lished until  the  manufacture  of  the 
now  familiar  "  chloride  of  lime"  or 
"  bleach."  Since  then  many  other 
bleaching  agents,  notably,  hydro- 
gen peroxide,  have  appeared,  but 
whether  they  will  ever  displace  the 
above  is  an  uncertainty. 

1.  Cotton  in  the  raw  or  unmanu- 
factured state  is  rarely,  if  ever, 
bleached ;  as  yarn,  however,  it  is 
continually.  The  hanks,  Avhich 
have  been  previously  scoured,  are 
boiled  in  a  solution  of  chloride  of 
lime  (chemick)  from  one  to  two 
hours,  washed  well  in  water,  and 
passed  through  dilute  sulphuric 
acid  (1°  Tw.)  for  about  half  an 
hour,  and  finally  well  washed. 
These  operations  can  be  easily  con- 
ducted in  the  ordinary  wooden  tubs 
of  the  dye-house  in  places  where 
much  yarn  does  not  have  to  be 
bleached,  otherwise  special  arrange- 
ments should  be  provided.  Cotton 
ii'<i/-ps  are  similarly  treated,  the  ap- 
paratus employed  being  a  contin- 
uous (warp)  dyeing-machine.  Cot- 
ton fabrics  require  much  care  and 
skill,  especially  those  intended  for 
domestic  use  in  the  bleached  condi- 
tion, and  also  those  which  are  to  be 
afterwards  dyed  or  printed  with  deli- 
cate shades.  The  method  of  bleach- 
ing, which  has  reached  a  high  state 
of  perfection,  is  the  so-called  "  mad- 
der-bleach," from  the  fact  that  it  is 
employed  on  all  piece  goods  to  be 
printed  with  alizarin.  The  process 
detailed  and  illustrated  below  must 
not  be  accepted  as  the  exact  method 
followed  in  every  establishment, — 
it  being  remembered  that  nearly 
every  bleacher  has  his  own  modifi- 
cations which  he  introduces,  but  all 
yield  the  same  result.  The  opera- 
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tfonof  stamping  or  sewing  mi  d<  -signal  in-.:  marks  ;  sewing  the  pieces  together 
uml  singeing, — :i  removal  of  tin-  nap  or  do\\  n  from  the  cloth  by  means  of  a 
gas  flame  or  curved  hot  plate  ("  Singeillgt-plftte"), — need  not  Le  detailed  here; 
reference  mav  !><•  had  to  special  work-  on  textile  manufacture. 

l-'iir.  \°2'.\  is  a  plan  of  part  of  a  bleach-house  for  cotton  cloth.  The 
goods  being  reccive<l,  they  an-  pa— ed  through  tin-  lirM  washing-machine,  on 
the  left  <>f  the  figure;  this  operation  has  for  its  object  the  removal  of  loose 
dirt,  grease, — added  to  the  fabric  during  weaving, — and  other  matters; 
usually  the  goods  are  stacked  overnight  in  order  to  allow  an  incipient  fer- 
mentation to  take  plaee,  when  they  are  pa—ed  -everal  times  through  the 
/inie-ir<txh  (milk  of  lime)  in  order  to  In-come  thoroughly  impre-uat-  d  with 
about  five  per  cent,  of  lime,  this  being  accomplished  by  means  of  rollers 
immersed  in  and  below  the  surface  of  the  lime-bath  and  a  pair  of  squeezing 
or  "  nipping  rollers." 

Following  the  liming  operation  is  the  boiling  ("  bowking")  in  kiers ; 
these  are  strong,  wn night-iron  cylindrical  vessels,  provided  with  a  series  of 
pipes,  and  i n  some  cases  with  injectors,  which  enable  the  liquids  contained  in 
them  to  circulate  completely  through  the  cloth,  which  is  previously  intro- 
duced in  the  form  of  a  rope.  Fig.  124  is  a  vertical  section  of  a  single 

FIG.  124. 


injector-kier,  and  one  well  adapted  for  working  at  low  pressures.  Reference 
being  had  to  the  figure,  the  vessel  being  filled  with  the  fabric,  which  is  well 
laid  in,  the  liquid  is  admitted,  gradually  finding  its  way  to  the  false  bottom, 
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through  which  it  passes  to  the  injector  at  a,  where  it  meets  a  steam  current, 
which  forces  it  upward  through  the  large  pipe,  finally  being  admitted  to  the 
kier  again  through  the  valve  6,  repeatedly  following  the  circuit. 

Barlow's  high-pressure  kiers  are  usually  worked  in  pairs,  and  the  liquid 
is  forced  from  one  to  the  other  by  the  aid  of  steam.  This  kier  has  a  central 
perforated  tube,  through  which  the  liquid  passes  to  come  in  contact  with 
the  cloth.  Several  other  forms  of  kiers  are  in  use,  even  open  kettles  acting 
as  such,  the  object  being  the  same  in  each  case. 

The  length  of  time  the  cloth  remains  in  the  kier  varies  considerably,  in 
some  establishments,  where  a  high-pressure  is  used  (forty  to  fifty  pounds 
per  square  inch),  less  time  is  required, — five  to  six  hours  being  deemed  suf- 
ficient; again,  where  a  low-pressure  is  used  (eight  to  twelve  pounds)  the 
goods  are  allowed  to  remain  in  from  ten  to  twelve  hours.  From  this  boil- 
ing the  pieces  are  washed  in  water,  and  passed  through  dilute  hydrochloric 
acid  (specific  gravity  1.01  =  2°  Tw.), — the  bath  being  technically  termed  a 
"  sour."  The  pieces  are  slowly  worked  until  the  lime  is  completely  dis- 
solved, when  the  goods  are  thoroughly  washed,  or  until  every  trace  of  acid 
is  removed,  when  a  boiling  with  soap  and  soda  follows  in  kiers  exactly  as 
in  the  boiling  previously  mentioned.  For  each  hundred  pounds  of  cloth  a 
resin  soap  is  used,  made  with  five  to  six  pounds  of  soda  ash  and  one  to  two 
pounds  of  resin ;  the  soda  is  dissolved  in  two  gallons  of  water,  the  resin 
added,  and  the  whole  boiled  for  several  hours ;  for  each  pound  of  cloth  to 
be  acted  upon  one  gallon  of  water  is  used.  The  time  required  for  this  boil 
is  nearly  the  same  as  in  the  previous  boiling.  When  the  resin  soap  solu- 
tion is  run  off,  the  goods  are  boiled  for  three  or  four  hours  with  a  one  per 
cent,  solution  of  soda,  to  remove  the  soap  and  any  unconverted  resin  re- 
maining, followed  immediately  by  a  wash.  At  this  stage  of  the  process 
occurs  the  real  whitening,  or  bleaching,  of  the  goods, — the  so-called  "  chem- 
icking" — requiring  much  care,  and  is  performed  with  a  solution  made  by 
dissolving  chloride  of  lime,  allowing  to  settle  and  become  clear,  the  super- 
natant liquor  alone  being  used.  The  strength  of  the  solution,  varying  from 
i°  Tw.  to  2°  Tw.  (specific  gravity  1.001  to  1.01),  being  used  cold,  or  but 
slightly  warmed,  in  the  latter  case  penetrating  the  cloth  better.  Repeated 
passage  of  the  goods  through  a  weak  solution  is  preferable  to  a  shorter  time 
in  a  strong  solution,  the  danger  from  injury  to  the  pieces  being  less.  The 
next  operation  may  be  (not  always)  a  wash,  and  then  a  souring  in  dilute 
(specific  gravity  1.01)  sulphuric  acid, — termed  a  white  sour, — after  which 
the  goods  are  allowed  to  remain  for  some  time  in  a  heap,  but  not  long 
enough  to  become  dry,  as  a  tendering  of  the  cloth  will  result ;  this  is  fol- 
lowed with  a  final  wash  to  remove  every  trace  of  acid,  passed  through 
squeezing  rollers,  and  over  revolving  cans  heated  by  steam,  to  dry.  The 
length  of  time  required  in  the  above  process  varies ;  if  the  goods  are  to 
receive  a  fine  clear  bleach,  or  are  to  receive  delicate  shades  in  dyeing  and 
printing,  four  or  five  days  may  be  necessary,  but  in  the  event  of  the  goods 
being  intended  for  full  shades,  half  that  time  will  answer. 

Mather-Thompson's  Process. — This  is  one  of  the  newer  processes,  and  is 
admirably  suited  for  warps  and  piece-goods.  The  goods  are  sewed  together, 
or  tied,  in  the  case  of  warps,  subjected  to  the  action  of  hot  caustic  alkali, 
washed,  and  transferred  to  wagons,  the  sides  of  which  are  of  iron  lattice- 
work (cages),  and  pushed  into  a  horizontal  kier,  and  for  five  hours  acted 
upon  by  a  solution  of  caustic  soda  (2°  to  4°  Tw.  =  specific  gravity  1.01  to 
1.02)  delivered  in  a  spray  and  at  a  pressure  of  four  to  five  pounds.  With- 
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out  removing  the  goods  In  mi  the  kier  they  are  washed  with  hot  water, 
removed,  and  rinsed  with  cold  water,  » -ompl. -ting  the  semiring.  The 
bleaching  is  carried  out  in  a  continuous  apparatus  through  the  following 
Btagee : 

1.  Rinsing  with  w:irni  wat< -r. 

2.  FiiM    chemick    hath  (chloride  of  lime  solution,  1°  Tw.  =  specific 
gravity  1.005). 

3.  Passage  through  atmosphere  of  carbonic  acid  gas. 

4.  Washing  with  cold  water. 

Worked  through  a  one  per  cent,  soda  solution  at  175°  F. 

6.  Second  washing. 

7.  Second  ohemick  (chloride  of  lime  solution  .5°  T 

8.  Second  passage  through  carbonic  acid  Lias. 

9.  Third  wash. 

10.  Through  one  per  cent,  hydrochloric  acid,  or  through  one  per  cent, 
of  a  mixture  of  hydrochloric  and  sulphuric  acid  (2:1). 

11.  Final  wash. 

In  this  process  the  real  bleaching  is  effected  by  the  hypochlorous  acid 
liberated  by  the  action  of  the  carbonic  acid  gas  upon  the  calcium  hypo- 

chlorite. 

Lunge? 8  Bleaching  Process  differs  but  slightly  from  others  using  chloride 
of  lime,  except  that  he  increases  the  bleaching  action  by  the  use  of  a  small 
quantity  of  some  organic  acid, — preferably  acetic.  Chloride  of  lime  in 
contact  with  acetic  acid  forms  calcium  acetate,  with  evolution  of  free  hypo- 
chlorous  acid;  this  gives  up  oxygen  during  the  bleaching,  leaving  hydro- 
chloric acid,  which  acts  on  the  calcium  acetate,  forming  calcium  chloride  and 
regenerating  the  acetic  acid.  The  hydrochloric  acid  never  being  in  the  free 
state  cannot  act  on  the  fibre ;  acetic  acid  has  no  action,  even  at  the  high 
teni]>erature  or  pressure  used  in  bleaching. 

Hermite  Process  for  Electrolytic  Bleaching. — This  process  is  probably 
one  of  the  most  successful  yet  brought  forward,  embodying  the  use  of  elec- 
tricity, effecting  the  bleaching  by  the  decomposition  of  a  four  to  five  per 
cent,  solution  of  chloride  of  calcium  (not  "  chloride  of  lime,"  or  "bleaching- 
powder"),  of  magnesium,  or  of  aluminum.  The  chloride  is  decomposed, 
the  chlorine  uniting  at  the  positive  pole  with  the  oxygen  of  the  water,  which 
is  simultaneously  decomposed,  and  the  metallic  base  (with  the  hydrogen 
of  the  water)  at  the  negative  pole.  It  has  not  been  met  with  very  great 
approval  from  bleachers,  from  the  fact  that  it  is  not  fully  developed  to  the 
degree  of  efficiency  desired. 

2.  Linen. — This  fibre  is  much  more  subject  to  the  destructive  action  of 
bleaching  agent-  than  cotton,  in  consequence  of  which  the  same  process  is 
not  applicable,  and  also  on  account  of  the  greater  amount  of  impurities 
present,  chiefly  pectic  acid.  For  yarns  the  trade  distinguishes  three  im- 
portant grades  of  bleaching, — ha/J\  three-fjndrh'rx,  and  full  white,  to  obtain 
which  several  operations  are  necessary  : 

1. -Boiling  for  three  or  four  hours  in  a  ten  per  cent,  solution  of  soda 
ash,  or  in  a  six  per  cent,  solution  of  caustic  soda.  Wash,  rinse,  and  pass 
through  squeezing  rollers. 

2.  Pass  through  a  .4°  Be.  solution   of  chloride  of  lime,  and  work  or 
reel  one  hour,  and  wash. 

3.  Transfer  to  dilute  sulphuric  acid  for  one  hour  (one  part  acid  to  two 
hundred  parts  water). 


452  BLEACHING,  DYEING,  AND  TEXTILE  PRINTING. 

4.  Boil  again  in  a  kier  with  two  per  cent,  caustic  soda. 

5.  Repeat  the  passage  through  chloride  of  lime  and  wash. 

6.  Final  treatment  with  sulphuric  acid  as  in  No.  3. 

The  above  will  produce  a  half -bleach,  and  by  repeating  the  three  final 
operations  a  full  white  will  be  obtained.  Reeling  is  a  term  particularly  appli- 
cable to  linen-bleaching,  owing  to  the  way  the  yarn  is  handled,  the  result 
being  that  the  carbonic  acid  in  the  air  acts  upon  and  decomposes  the  chloride 
of  lime,  setting  free  hypochlorous  acid,  similarly  to  the  use  of  the  gas  in 
the  Mather-Thompson  process.  Linen  doth,  notwithstanding  many  trials, 
still  requires  much  longer  time  to  successfully  bleach  than  yarn.  It  is  quite 
possible  to  bleach  the  cloth  in  a  comparatively  short  time,  but  the  strength 
of  the  fibre  would  be  weakened.  The  following  outline  of  the  general  pro- 
cess indicates  the  successive  stages  : 

1.  Liming.     Boil  with  eight  to  ten  per  cent,  for  fourteen  hours  and 
wash. 

2.  Allow  to  remain  in  dilute  hydrochloric  acid  (specific  gravity  1.012) 
for  four  to  six  hours  and  wash. 

3.  Boil  with  resin  soap  (two  pounds  caustic  soda  and  two  pounds  resin) 
for  ten  hours,  followed  immediately  by  a  boiling  for  six  to  eight  hours  with 
one  pound  caustic  soda. 

4.  "  Grass."     Expose  on  the  fields  for  a  week  or  more. 

5.  "  Chemick."     Pass  through  chloride  of  lime  solution  of  J°  Tw.  for 
about  five  hours  and  wash. 

6.  "Sour."     Steep  in  dilute  sulphuric  acid  1°  Tw.  for  two  to  three 
hours  and  wash. 

7.  Boil  for  four  to  five  hours  with  .5  to  .75  per  cent,  of  caustic  soda, 
wash,  and 

8.  Expose  again  for  four  to  five  days  in  the  fields. 

9.  Second  chemick.     Same  as  No.  5,  only  J°  Tw.  for  five  hours. 

10.  If  necessary,  rub  with  a  soft  soap  between  "  rubbing-boards"  *  to 
remove  brown  spots. 

11.  Expose  again  on  the  grass  as  before. 

The  frequent  exposure  of  the  goods  on  the  grass  to  the  combined  action 
of  moisture,  air,  and  light  necessarily  dispenses  with  a  certain  amount  of 
the  chloride  of  lime,  besides  allowing  of  a  less  energetic  action. 

3.  Jute. — A  good  white  on  this  fibre  is  difficult  to  obtain.     Prior  to 
bleaching,  jute  is  scoured  with  a  five  per  cent,  solution  of  sodium  silicate 
(soluble  glass)  at  70°  C.,  washed,  and  bleached  with  a  solution  of  sodium 
hypochlorite  containing  about  one  per  cent,  of  available  chlorine,  made  by 
decomposing  bleach  ing-powder  with  carbonate  of  soda,  settling,  and  using 
the  clear  liquid.     The  goods  are  thoroughly  washed,  and  treated  in  a  dilute 
bath  of  hydrochloric  acid  (J°  to  1°  Tw.)  and  washed,  or  they  can  be  further 
acted  on  by  sulphurous  acid  by  immersing  in  a  bath  of  sodium  bisulphite 
for  two  to  three  hours,  and  dry.     Jute  can  also  be  bleached  by  being 
worked  in  a  solution  containing  one  per  cent,  permanganate  potash  (calcu- 
lated to  the  weight  of  its  material)  and  exposing  to  the  air  until  it  becomes 
brown,  when  it  is  immersed  in  a  solution  of  sulphurous  acid  and  washed. 

4.  Wool. — For  yarns,  etc.,  the  best  known  method  of  bleaching  is  "stov- 
ing" — that  is,  an  exposure  of  the  damp  goods  to  the  vapors  of  burning  sul- 

*  "  Rubbing  boards'  are  two  fluted  pieces  horizontally  placed,  the  upper  of  which  is 
moved  in  an  opposite  direction  to  the  course  of  the  cloth. 
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phur,  confined,  usually,  in  a  frame  building •;  in  the  centre  of  the  floor  is 
mounted  :in  iron  pot  in  which  the  sulphur,  in  n>IU,  i-  i-nit.-d,  l»y  im an-  of 
a  pice.-  of  iron  heated  to  redness  and  dropped  in.  From  H\  to  ei-ht  per 
cent,  of  sulphur  i>  eonsinne<l,  and  the  time  required  i.-  about  ei^ht  hours,  hut 
for  carpet  yarns  and  -mods  of  a  similar  ^rade  tuelve  hour-  may  Ini  neces- 
BBTV,  The  yarn  is  removed  and  \\ell  \\a-hed,  the  \\ater  roniainin^,  J)OS- 
sihly,  a  little  carhonate  of  soda  to  neiitrali/e  any  -ul phi  iron-  acid  remain 

For  piece-goods  the  same  proce--  is  applicable,  l»nt  it  require-  arrangc- 
mcnts  for  pa--ing  the  fabric  over  roller-  inside  the  sidphur-hoii.-e  at  a  uni- 
form rate.  1'ieee-goods  can  also  he  bleached  a  ceo  rd  MIL:  to  t\\o  -ome\\  hat 
Icnu-thv  proce.-scs,  emhodvinn1  the  sulphuring  in  chamber.-,  detailed  in  San- 
sone's'"  Dyeing,"  vol.  i.  p.  123. 

The  proce-s  l>a-ed  upon  the  action  of  ln/drof/ni  ],<,•».<•;<!,  is  destined  to 
heeome  the  most  valuahle  for  wool.  Recent  attempt-  in  this  eoiintrv  to  re- 
duce the  price  of  this  article  having  met  with  partial  HICCC.-.-,  it  ha- thu- IM  <  n 
brought  more  prominently  to  notice.  No  metal  should  l>e  exposed  in  the 
wooden  vats  in  whicli  the  bleaching  is  performed,  and  care  .-hould  he  taken 
to  see  that  no  sediment  is  in  the  water-supply  pipe,  all  such  taking  up  oxygen 
from  the  reagent  and  thus  weakening  it.  A  "six-volume"  solution  of  hydro- 
gen peroxide  is  made  up  in  the  vat,  and  this  is  carefully  neutrali/.ed  with 
ttilit'iitf  »j  x,nJti  which  has  been  previously  diluted  with  ininn  imfi  r  ;  the 
yarn  or  goods  is  immersed  and  kept  below  the  surface  of  the  liquid  l>y 
means  of  a  wooden  lattice  frame.  The  temperature  must  not  be  above  the 
normal.  In  a  few  hours  the  color  of  the  wool  will  have  changed  to  a  white 
or  nearly  so,  and  by  keeping  it  in,  a  "  wool  white"  will  be  obtain*  d,  when  the 
material  is  lifted,  and  allowed  to  drain  back  into  the  vat,  when  the  liquid  is 
brought  up  to  the  original  six-volume  strength  with  fresh  |>eroxid< -.  The 
bath  can  be  kept  in  use  for  six  months.  After  draining,  wash  in  water 
containing  a  trace  of  sulphuric  acid,  finally  with  water  alone. 

5.  Silk. — The  preliminary  operations  for  treating  this  >ub-tanee  have 
already  been  mentioned.  Ordinarily,  silk  is  treated  in  a  similar  manner  to 
wool,  being  hung  on  poles  in  an  atmosphere  of  sulphurous  acid  for  several 
hours  (four  to  six),  taken  down  and  \va>hed ;  or  the  silk  can  be  worked  in  a 
bath  of  bisulphite  of  soda,  followed  by  a  weak  alkaline  wash  and  a  final 
rinse.  Aqua  reyia  (hydrochloric  acid  and  nitric  acid,  ~> :  1 )  of  :\°  to  4°  Tw., 
and  at  70°  Fahr.,  is  much  used  for  small  lots  ;  the  silk  b<  inu  constantly 
worked  for  about  twenty  minutes  when  the  bleaching  is  finished.  For  \<  ry 
fine  tints,  the  silk  is  entered  into  a  soap-bath  heated  from  85°  to  105°  Fahr., 
wrung  out,  and  hung  in  the  sulphur-house  for  ten  or  twelve  hours,  washed 
in  warm  and  cold  water,  and  dried. 

7'//.sW/  *///;  is  always  bleached  with  /n/<fr<>;/>  n  {><r<>.ri<l>.  being  immersed, 
as  in  the  case  of  wool,  for  several  hours,  or  even  days.  When  the  necessary 
degree  of  whiteness  is  obtained,  the  silk  is  rinsed  and  dried.  Sansone  men- 
tions immersing  the  silk  in  strong  peroxide,  wringing  out  the  excess,  and 
steaming  in  a  closed  vessel.  This  method  has  yielded  good  results. 

/;.  r>i.i:\rm.\<;  A<;KNTS  AM»  A  —  i-  r  \  N TS.— r/*/o/-/W»  <•;' 7,///ie  ("  Bleach- 
ing Powder"),  the  most  important  agent  for  bleaching  purposes,  is  produced 
in  immense  quantities  by  acting  on  dry  slaked  lime  with  chlorine.  It  ocelli's 
in  commerce  as  a  white  po\\d  ~-inu  a  characteristic  odor  resembling 

that  of  chlorine,  and  if  exposed  rapidly  absorbs  moisture.  The  real  strength 
depends  upon  the  amount  of  available  chlorine  obtainable, — ranging  between 
twenty-two  and  thirty-five  per  cent.  Solutions  of  the  above  sold  under 
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fanciful  names  are  met  with  in  the  trade  varying  in  strength  from  five  to 
eight  per  cent.  "  Chlor-ozone"  is  a  product  considerably  used,  and  is  essen- 
tially a  solution  of  sodium  hypochlorite. 

Permanganate  of  Potash  (K2Mn2O8),  although  not  strictly  a  bleaching 
agent,  is  mentioned  on  account  of  its  very  high  oxidizing  properties.  It  is 
manufactured  from  manganese  dioxide  by  heating  with  chlorate  of  potassium 
and  caustic  potash,  leaching  out  the  mass,  filtering,  and  evaporating  to 
crystallization.  It  finds  some  application  in  connection  with  the  manufacture 
of  imitation  furs, — being  employed  to  discharge  the  body  color  from  the  tips 
of  the  fibres  to  produce  whites. 

Hydrogen  Peroxide  (H2O2)  is  a  colorless,  odorless  liquid  obtained  by  the 
action  of  hydrofluoric  acid  upon  barium  peroxide  in  a  lead-lined  tank. 
The  operation  is  conducted  at  as  low  a  temperature  as  possible,  and  with 
continuous  stirring ;  in  about  twelve  hours  the  reaction  is  over,  and  the 
supernatant  liquid  drawn  off  and  preserved.  The  residue,  barium  fluoride, 
is  decomposed  with  sulphuric  acid,  and  the  hydrofluoric  acid  recovered.  It 
is  customary  to  refer  to  the  strength  of  hydrogen  peroxide  as  being  of  so 
many  volume  capacity,  six,  ten,  etc. ;  this  means  that  one  volume  of  the 
peroxide  will  yield  six,  ten,  etc.,  volumes  of  oxygen  gas. 

Soda  Ash  (Na2CO3). — This  is  the  commercial  anhydrous  carbonate  of 
soda,  used  principally  in  scouring.  It  is  generally  contaminated  with  vary- 
ing percentages  of  caustic  soda,  sodium  chloride,  sulphate,  etc.  Its  value 
depends  on  the  amount  of  Na2O  contained. 

Soda  Crystals  (Na^CC^lOH^O)  is  a  much  purer  and  more  expensive 
carbonate;  it  contains  no  caustic  soda,  which  renders  it  well  suited  to 
scouring. 

Caustic  Soda  (NaOH). — It  comes  in  trade  in  iron  drums — solidly  filled 
— or  in  a  coarse  powder.  It  is  obtained  by  treating  carbonate  of  soda  with 
milk  of  lime,  whereby  the  carbonate  is  decomposed  with  formation  of 
calcium  carbonate,  when  the  clear  liquid  is  drawn  off  and  evaporated  down 
to  the  solidifying  point. 

Carbonate  of  Potash  (K2CO3)  is  not  used  in  the  dye  and  bleach  works 
to  the  same  extent  as  soda,  although  for  silk-  and  wool-scouring  it  leaves 
the  yarns,  etc.,  with  a  better  "  feel,"  and  when  iised  in  soaps,  it  does  not 
cause  colors  to  run  or  "bleed"  to  the  same  extent  as  soda.  Its  value 
depends  upon  the  percentage  of  carbonate. 

Acids. — The  mineral  acids  are  used  in  bleaching  chiefly  to  neutralize 
alkalies,  or  to  cause  a  disengagement  of  hypochlorous  acid  in  the  so-called 
"  sours/7  and  reference  to  their  production  is  unnecessary.  Hydrochloric 
Acid  of  commerce  (also  called  Spirit  of  Salt,  or  Muriatic  Acid)  is  yellow 
in  color,  due  to  impurities.  The  general  strength  is  21  °  Be.  (specific  gravity 
1.17).  Nitric  Acid,  used  in  conjunction  with  the  above  for  silk-bleaching, 
and  largely  in  the  preparation  of  some  mordants,  is  bought  with  a  gravity 
of  17.7°  Be.  (specific  gravity  1.140).  Sulphuric  Acid  (H2SO4)  is  obtained  by 
the  burning  of  sulphur  and  conducting  the  gas  into  lead  chambers,  in  con- 
tact with  nitrous  vapors  and  steam.  It  is  a  heavy,  oily-looking  liquid,  and 
when  pure  is  colorless.  It  is  ordinarily  sold  at  66°  Be.  (specific  gravity  1 .84). 

Soaps. — The  soaps  employed  in  bleaching,  etc.,  embrace  Tallow,  Rosin, 
and  Olive  Oil  (for  silks),  although  others  are  used,  but  mainly  for  special 
purposes.  Reference  to  them  has  been  made  in  the  chapter  on  Oils  and 
Fats.  (See  p.  59.)  In  most  large  establishments  soap-boiling  appliances 
are  in  use. 
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Cl    M<>m>ANTS    KMI'l.nYi:!'     IN     I>Yi:iV,     A  N  I  •     I'lIINTIV,.        Thrprore>S 

of  mordanting  i>  of  tin-  ntmoM  important-,  having  (MI-  it-  object  tin-  pre- 
cipitation ni'  -nine  nib-lance  ii|>uii  the  fibre  \\hirli  ha-  an  atlinity  I'm-,  and 
will  rtfrrt  a  more  or  lr>-  n  mi  |  ilete  fixation  of,  the  coloring  matter  n>ed  for 

the  dvring.    The  nature  of  toe  mordanting  .-ul»>tam-«-  u-«l  depend-  upon 

the  rharartrr  oi'  the  fibre,  the  kind  of  dye,  and  upon  the  clVeet  -..n-ht  ; 
sonic  shades  require  the  u>r  of  several.  I'ndcr  ordinary  rireimi-tat, 
iron/  is  simply  boiled  in  a  solution  of  a  nietallie  silt,  1'or  example,  hiehro- 
niate  of  potash  ("  chrome"),  in  the  proeiiee  of  a  .-mail  quantity  of  80006 
acid,  in  this  ea>e,  preferably,  Milphnric.  \\'ool  >o  treated  i-  -aid  to  be 
cfiroineif,  and  is  in  a  condition  lit  to  receive  a  Mark  whrn  dyed  with  log- 
\vood  decoction.  Si/I:  is  mordanted  similarly,  lower  temperature-,  however, 
being  employed.  If  >ilk  and  wool  are  immei'.-ed  for  a  time  in  a  -olntion 
of  a  metallic  salt,  an  al».-orption  will  take  place,  when  the  tiluv  ran  l«r 
\\ash(Hl  in  water,  during  \\hich  operation  a  deposition  <'f  a  ha-ir  oxide  will 
occur.  Cotton,  unlike  wool  or  silk,  has  \mi  little  natural  atlinity  for  the 
majority  of  coloring  matters,  and  ol'  nrrrs<ity  miiM  l»r  -|»rrially  ]>r<  j.ar«d. 
It  is  well  known  that  cotton  has  a  strong  tendenev  to  combine  with  tannic 
acid,  and  this  is  made  use  of  by  steepin«;  cotton  in  a  solution  of  sumach  ex- 
tract, catechu,  or  other  tannin-yielding  material;  if  it  is  afterwards  wa.-hed 
and  worked  in  a  bath  of  some  soluble  metallic  salt,  an  insoluble  compound 
will  be  formed,  which  then  has  the  property  of  uniting  with  the  dye.  It  is 
not  always  necessary  to  prepare  the  cotton  with  tannin,  an  immersion  in  the 
mordant,  followed  by  an  oxidation  or  "//"/'.'/,  beinu;  deem*  d  sufficient. 

Snbxfdnfirt'  J>i/<'in(/  is  where  the  coloring  matter  is  taken  up  from  its 
solution  by  the  fibre  without  the  assistance  of  any  aircnt.  Wool  and  silk 
are  dved  with  the  coal-tar  dyes  in  this  manner,  usintr  some  sulphate  of 
soda  and  sulphuric  acid  in  the  case  of  the  former,  and  with  a  soap-bath  and 
a  little  acetic  acid  in  the  case  of  the  latter.  Cotton,  when  dyed  with  the 
hm/id ine  colors,  also  comes  under  this  head  ;  it  is  possible  a  colored  com- 
pound of  cellulose  and  the  base  of  the  dye  is  formed.  The  use  of  salts  in 
dyeing  the  above  is  merely  to  prevent  a  too  rapid  absorption  of  the  dye  by 
the  fibre,  thereby  obviating  uneven  shades. 

Affjct'firc  I)ii<in</  necessitate^  the  intervention  of  mordants,  as  above  ex- 
plained. Albumen,  however,  does  not  cause  the  formation  of  an  insoluble 
precipitate  on  the  fibre,  but  causes  the  cotton  fibre  to  behave  towards  the 
dye  in  a  manner  similar  to  wool.  Many  coloring  matter-  already  fixid  on 
cotton  have  the  valuable  property  of  serving  as  mordants  for  other  dyes,  a 
property  much  employed  in  the  production  of  compound  >hadrs. 

The  following  list  of  mordants  embrace  only  those  of  prominence  and 
in  general  use;  exact  met  hods  for  their  manufacture  will  be  found  in  the 
works  of  Hummel,  Sansone,  Herzfeld,  and  others. 

((()  Mordants  of  Mineral  Oi-it/in. —  Tin  M <>,•<!< nite. — These  are  first  in  im- 
portance to  the  dyer  and  printer.  They  are  u>rd  in  two  states  of  oxidation, 
xttmnuux  and  xhntnic:  The  former  salts  have  a  great  atlinity  for  oxygen,  a 
property  of  considerable  value  as  a  discharge  for  other  colon.  Their  solutions 
are  colorless  or  nearlv  so,  except  those  prepared  with  nitric  acid,  which  arc1  yel- 
lowish,— due,  possibly,  to  an  incomplete  oxidation  of  the  tin.  The  most  promi- 
nent tin  compound  is  Stanuom  Chl»r'uh\ — when  crystallized,  "tin  crystals" 
or  as  a  liquid  known  a.s  "  xi)i(/tc  mnridfc  of  tin,"  or  "  double  muriate  nftin"  ac- 
cording to  the  gravity.  The  crystals  are  obtained  by  dissolving  feathered  tin 
in  commercial  hydrochloric  acid  and  evaporating ;  good  samples  contain  about 
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fifty  per  cent,  of  metal.  The  impurities  are  iron  (from  the  acid  used),  lead 
(from  the  crude  metal,  and  from  the  table-tops  on  which  the  crystals  are 
drained),  and  sometimes  copper.  The  "  muriates"  are  nothing  more  than  the 
mother-liquor  from  the  crystals,  diluted  for  "  single"  to  60°  Tw.  (specific 
gravity  1.3  =  about  thirty-eight  per  cent.  SnCl2.2H2O)  and  for  "double" 
to  120°  Tw.  (specific  gravity  1.6  =  about  sixty-one  per  cent.  SnCl2.2H2O). 
The  above  are  chiefly  used  in  connection  with  the  natural  coloring  matters. 

Tin  Spirits,  owing  to  the  advent  of  the  tar-colors,  are  much  less  used 
than  formerly.  Their  composition  was  exceedingly  variable,  consisting 
usually  of  stannous  chloride,  with  or  without  additions  of  sulphuric,  oxalic, 
tartaric,  and  nitric  acids,  and  they  bore  such  names  as  Amaranth  Spirit,  Yellow 
Spirit,  Finishing  Spirit,  etc.  "  Stannous  Nitrate"  (nitrate  of  tin)  is  essen- 
tially a  solution  of  tin  in  nitric  acid,  the  chemical  composition  of  which  is 
doubtful.  "  Tin  spirits"  is  a  collective  name  for  a  long  list  of  stannic  com- 
pounds, made,  usually  by  the  dyer,  from  hydrochloric  and  nitric  acids, 
sodium  and  ammonium  chlorides,  etc.  Their  use  is  gradually  going  out. 
Stannateof  Soda,  or  Preparing  Salt,  is  used  in  cotton-  and  woollen-printing ; 
its  value  depends  upon  the  amount  of  stannic  oxide  contained. 

Alumina  Mordants. — Sulphate  of  Aluminum,  also  known  as  Patent  Alumy 
does  not  find  much  application  in  the  dye-house,  but  is  considerably  em- 
ployed in  the  preparation  of  other  alumina  compounds  which  are,  being 
much  more  economical  than  potash  or  ammonia  alum.  It  is  obtained  from 
the  mineral  bauxite,  and  from  cryolite.  The  brand  manufactured  for 
paper-makers  is  the  purest,  containing  but  little  or  no  iron.  Potash  Alum 
contains  10.83  per  cent,  alumina,  and  occurs  in  large,  well-defined  crystals. 
Ammonia  Alum  contains  11.9  per  cent.  Alums  ought  to  be  bought  already 
ground.  Their  application  to  cotton  is  by  precipitation  with  alkaline  car- 
bonates or  ammonia,  or  with  sulphated  oil ;  to  wool  generally  with  cream 
of  tartar,  and  to  silk  by  immersion  overnight  in  the  solution,  followed  by  a 
washing,  which  causes  the  formation  of  a  basic  salt.  Aluminum  Acetate,  or 
"  Red  Liquor," — so  called  from  the  original  use  to  which  it  was  put,  dyeing 
reds, — is  obtained  by  the  double  decomposition  of  aluminum  sulphate  and 
calcium  or  lead  acetate  in  the  proper  proportions,  and  using  the  supernatant 
liquid.  Professors  Liechti  and  Suida,  and  Kochlin  have  conducted  elab- 
orate researches  into  the  action  of  the  aluminum  compounds  as  mordants, 
and  their  results  have  thrown  much  light  upon  the  whole  subject  of  mor- 
danting. Sulpho-acetate  of  Alumina  is  obtained  when  an  insufficient  quan- 
tity of  the  acetate  (lead  or  calcium)  is  added  to  decompose  the  alumina  salt, 
and  this  forms  the  red  liquor  of  trade.  Ordinarily,  the  solutions  have  a 
dark-brown  color  and  are  characterized  by  a  strong  pyroligneous  odor.  The 
cotton-dyer  and  printer,  especially  the  latter,  make  considerable  use  of  this 
mordant,  for  reference  to  which,  see  p.  469.  The  remaining  alumina  com- 
pounds— viz.,  chloride,  nitrate,  hyposulphite,  oxalate,  etc. — are  but  little  used, 
chiefly  in  calico-printing  for  alizarin  shades. 

Iron  Mordants. — Like  tin,  iron  is  employed  in  two  states  of  oxidation, 
—ferrous  and  ferric.  Ferrous  Sulphate  (FeSO4.7H2O),  Copperas,  or  Green 
Vitriol,  occurs  as  a  by-product  from  several  chemical  processes,  and  is  much 
used  in  cotton-dyeing,  and  in  the  preparation  of  iron  mordants.  Acetate 
of  Iron,  also  called  Pyrolignite  of  Iron  and  Black-iron  Liquor,  is  manufac- 
tured similarly  to  the  acetate  of  alumina,  or  by  dissolving  scrap-iron  in 
crude  acetic  acid.  It  is  applied  in  the  same  general  manner,  and  to  the 
same  fibres,  as  the  alumina  compound.  The  remaining  iron  mordants  are  the 


MMUDANTO.  457 


and    the  Xifrit-xti/ji/uili-x.      The   former   are  obtained    by  di—  nl\ 
.scrap-iron  in  nitric  acid    to  the   pn.p.  i-  d.  itiuat  inn,  and    tlic   lain  T. 

hv  treating  copperas  with  nitric  acid  ;  a-  an  iron  nmrdain  for  Mark  «>n  .-ilk- 
this  latter  is  probably  tlic  be-t,  from  the  lad  that  the  imn  exists  in  both 

e-  nt'  oxidization. 

Chromium  ^/bre2an^t  oompriae  among  the  m«-t  important  />/<7//-o//«' 

ttx/i  dtitf  Bichromatl  <>J  ^<><l<i,  bnth  hrin^-  product-  nhtained  I'rnin  chrmiiile. 

TllC   former    is   Well     cry.-talli/ed,    the     latter     i-    (jllitc    dcli<|Ue.-rr|it  .    frequently 

hemming  fluid  ;  in  price  it  is  cheaper  than  the  j.-.ta-h  -all,  and  yield-  the  -a  me 
results.  It  is  a  valuable  wool  mordant,  and  is  al>o  much  n-  d  ;i  dix- 

in_i  •  au'cnt.  (  'hrainc  Alum  (  l'ota->ium  (  'hrnniiinn  Sulphate)!-  a  re-idiie  In.  in 
the  manufacture  of  alizarUI)  and  5-  employed  a-  the  ba-i-  t'»r  producing  inanv 
of  thechrnniiinn  r.mrdants.  (  Itromium  Ar,lnlr  is  nl.tained  l.  d..iil.le 


pnsitinn  of  lead  acetate  and  chromium  -nlphate,  and  in  mmmerrc  it  i-  found 
of  about  30°  Tw.  (specific  gravity  1.1  "o.  It  i-  u-.d  in  printing.  Otlirrmm- 
pound-  ii-ed  arc  the  nitrate,  chloride,  -nlphate-acetate,  nitrate-acetate,  etc, 

C<ijtjn-r  Mnrilttntx  are  well  represented  hy  the  xii/jjuth-  (hlnt'-xtimt-)  and 
the  /////v//V.  Sii/ji/Htft'  <>{  ('<>j>]j<t-  is  used  in  dvein^  hlacUs.inn-.tlv  in  enn- 
junctinii  with  other  nmnlants,  and,  nwin^  to  its  cheapness.  i>  n-ed  Ihr  the 
production  ot'  nearly  all  tlu-  copper  cnmpmmds.  \ifmfr  <>/  (  'i,/,/,,  /•  is  ea.-ily 
prepared  by  dissolving  0C7ap-COpper.  not  hra>s(as  tree  tVnm  lead  and  -older 
a-  pn>s  ihlc),  in  nitric  acid,  and  diluting  t<>  \.\  -jK-cilic  gravity.  In  e<,]d 
weather  o-nnd  crystals  are  nl.taincd,  hut  they  ah>nrh  nmi-turc  very  rapidly. 
The  sulphide  and  un-hitc  find  little  application  except  in  special  <: 

Aiifinnmif  Morilanfx.  —  Tarltir  L'm<  fir  (  A  nt  inmny  l>ota.->inm  Tart  ra- 
the best  known  of  this  j^roup,  and  is  much  used  for  fixing  tannin  in  cotton- 
dyeing.  O.ri/nniri(iti'  <>(  .  I  nfininni/  is  another  fnnn,  u-ed  li.r  the  -ame  j.ur- 
pnsc.  It  is  sold  as  a  concentrated  snlutinn,  made  hy  dissnlvini:-  metallic 
antinmny  in  a  mixture  of  hydrochloric  and  nitric  acids  and  diluting  very 
cautinusly  to  80°  Tw.  (specific  gravity  1.4).  Of  late,  double  ihmrido  of 
antinmny  and  potassium,  and  of  sodium  have  heen  hmu^ht  on  the  market  as 
substitutes  for  tartar  emetic.  They  are  well  crystalli/«  d,  easily  snluhlc,  and 
cheaper.  The  mode  of  application  is  the  same  as  for  other  antimony  silts. 

Other  mordants  besides  those  above  mentioned  arc  u-ed,  hut  not  a-  •  \- 
tensively,  and  enough  has  been  said  to  indicate  their  ^-ncral  nature;  under 
the  operations  of  dyeing  the  special  uses  to  which  they  are  applied  will  be 
mentioned. 

(b)  Mordants  of  Organic  Origin.  —  Tannin  (Tannic  Acidi  i-  n-.w  pm- 
duced  in  large  quantities  of  exceptional  purity  for  n>e  in  the  art-,  and  «  'tiers 
to  the  dyer  a  convenient  mordant  in  place  «,f  many  tannin-yicldini:  sub- 
stances, which,  however,  still  hold  their  position  on  acemmt  of  other  j>rop- 
ertics.  Tannin  is  much  used  l.y  the  cotton-dyer,  and  i.-  applied  generally 
in  two  ways:  first,  by  «/*ry>///</.  and,  secmul,  hy  junhliut/.  l-'nr  .-ilk,  tannin 
i.-  extensively  used  in  the  production  of  blacks,  and  also  for  weighting. 
CiiMiu,  or  Outch  (see  p.  4*27),  is  used  in  a  similar  manner  to  tannin,  for 
the  production  of  browns,  drabs,  blacks,  and  other  -hades,  in  combination 
with  bichromate  of  potash,  n.pprr,  iron,  dO.  <  ateehu  is  Ixuight  in  mats 
weighing  about  one  hundred  and  fifty  pounds,  and  also  a-  "  eiitch  extra*  t," 
or  "  prepared  cnteh,"  made  by  dissolving  the  crude  cutch,  straining  from 
sticks,  stone,  etc.,  and  evaporating  to  about  51°  Tw.  It  is  used  for  wool 
and  for  silk.  Sininn-li  (Shnmach)  is  used  in  the  dye-house  in  the  ground 
state,  and  as  an  extract,  which  is,  in  -nine  instances,  grossly  adulterated. 
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Nutgalls,  rich  in  tannin,  find  extensive  application  both  in  dyeing  and 
printing,  especially  when  light  shades  are  to  be  fixed.  They  occur  whole, 
"  crushed,"  and  as  an  extract,  which  comes  usually  of  two  qualities.  My- 
robalans,  kino,  divi-divi,  etc.,  are  also  employed. 

D.  DYEING  AND  PRINTING. — 1.  Dyeing. — The  apparatus  used  by  the 
dyer  consists  of  vats,  kettles,  cisterns,  etc.,  and  are  ordinarily  constructed  of 
wood,  although  they  may  be  also  of  metal,  and  even  stone.  Their  capacity, 
in  case  of  woollen  yarn,  is  such  that  they  can  conveniently  accommodate  a 
hundred  pounds  of  material,  although  the  sizes  vary  according  to  circum- 
stances. Wooden  kettles  are  heated  by  a  copper  steam-coil  inside  and  on 
the  bottom,  and  are  provided  with  a  water-supply  pipe,  and  a  lifting  plug- 
valve  for  emptying.  Metal  kettles  are  preferably  heated  with  steam  by  a 
coil  or  double  bottom.  Open  fires  are  used  in  England  and  Europe  to 
some  extent,  but  in  the  United  States  very  rarely,  if  at  all.  The  shapes  of 
the  vat  or  kettle  vary  with  the  material  to  be  dyed.  For  cotton,  wool, 
and  silk  yarns  they  are  mostly  rectangular,  and  of  varying  depth,  for  loose 
material,  mostly  circular ;  in  the  case  of  indigo- vats  for  yarns,  they  are 
wine-pipes  stood  on  end ;  this  gives  a  great  depth  of  liquid  with  a  mini- 
mum of  exposure.  In  hand-dyeing,  the  yarn  is  hung,  and  worked  on  sticks 
laid  across  the  top  of  the  kettles ;  piece-goods  are  worked  by  means  of  a 
movable  winch,  sliding  as  occasion  requires  from  one  end  of  the  kettle  to 
the  other,  taking  care  to  guard  against  twisting  the  fabric.  Loose  material 
is  either  dyed  as  such  in  circular  tubs,  or  else  is  tied  up  in  bags ;  and 
warps  are  passed  over  a  series  of  rollers  immersed  in  the  dye-liquor,  and 
then  between  squeezing  or  nipping  rollers. 

Of  primary  importance  in  successful  dyeing  is  a  regular  supply  of  pure 
water,  and  in  the  absence  of  this,  various  means  must  be  resorted  to  to 
purify  the  water  at  hand,  which  may  be  contaminated  with  sewage,  which 
may  not  render  it  unfit  for  use,  or  else  it  may  contain  lime  or  magnesia, 
usually  as  bicarbonates,  which  are  soluble,  or  it  may  have  sulphates  or 
chlorides.  Iron  (when  present  it  is  as  a  bicarbonate)  is  very  objectionable, 
and,  for  some  operations,  prevents  the  use  of  the  water.  Water  which  has 
flowed  through  limestone  regions  will  invariably  be  hard  from  the  lime  dis- 
solved, and  that  which  flows  or  is  pumped  from  granitic  regions  will  be  soft, 
due  to  the  absence  of  lime,  etc.  In  the  event  of  wrater  having  suspended 
matter,  this  can  be  easily  removed  by  suitable  filtration,  but  if  other  impuri- 
ties are  present,  chemical  purification  should  be  resorted  to.  A  hard  water 
is  one  which  has  bicarbonate  of  lime  or  magnesia  dissolved,  this  solution 
being  really  a  dissolving  of  carbonate  of  lime  in  carbonic  acid  contained  in 
the  water ;  besides  the  above,  it  may  contain  in  solution  sulphates  of  lime  or 
magnesia.  A  water  containing  no  sulphates,  if  boiled,  would  lose  its  hard- 
ness by  the  6icarbonate  splitting  ofi°  into  carbonic  acid  gas  and  carbonate  of 
lime  or  magnesia,  which  would  be  precipitated  (temporary  hardness) ;  if  sul- 
phates were  present,  the  boiling  would  have  no  effect  on  them  (permanent 
hardness).  A  soft  water  is  one  containing  no  such  impurities. 

Chemical  Purification  for  water  embraces  several  processes,  notably  Dr. 
Clark's :  decomposing  the  bicarbonate  with  a  clear  solution  of  calcium 
hydrate,  by  this  means  the  excess  of  carbon  dioxide  is  combined  with  the 
lime  added,  which  is  precipitated  and  removed  by  settling.  Only  the  tem- 
porary hardness  is  removed.  The  Porter-Clark  process  is  similar  to  the 
above,  with  the  exception  that  the  precipitates  are  removed  by  the  water 
being  passed  through  a  filter-press.  Caustic  Soda  is  also  used  as  a  purifying 
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agent,  which  removes  both  tin-  temporary  and  permanent  hanlne>s.  The 
\\ater  will  then  he  -lightly  alkaline. 

So/utintt  <>f  ('<m/-tnr  (  oA//-x  requires  a  little  care,  1  MM -a  use  if  imperfectly 
done  the  yarn  or  fabric  will  he  s|M>tt<'d  or  striped  :  effects  exceedingly  difli- 
cult  to  remove.  The  colors  an-  dissolved  readily  in  warm  \\ater;  some  may 
require  almost  a  boiling  temperature,  while  others  an-  injured  \\heu  highly 
heated.  They  ought  never  be  over  a  direct  lire.  In  all  cases  it  is  well  to 
strain  them  through  felt. 

Ciitt<m-flt(i-in(/. — Two  operations  are  nece— ary,  mordanting  and  dyeing, 
except  in  indigo-dyeing,  where  no  mordant  is  required,  and  in  the  applica- 
tion of  the  ben/idine  and  primuline  colors.  In  the  case  of  raw  *(<><•/:.  the 
operations  are  conducted  in  large  circular  or  rectangular  vats,  heated  as 
previously  described,  and  provided  with  the  necessary  inlets  and  outlets  for 
\\ater,  the  outlet  being  covered  with  a  gauze  screen  in  order  to  keep  the 
loose  material  from  stopping  it  up.  The  material  is  "  poled"  or  worked  by 
long-handled  rakes  or  by  mechanical  means.  The  irmtltimj  ran  be  done  in 
a  similar  apparatus,  or  in  one  similar  to  a  wool-scouring  machine.  For  /////•/*>•, 
besides  the  open  kettles  mentioned  on  the  preceding  page,  many  mechanical 
devices  are  in  use,  and  are  well  suited  where  large  quantities  of  material  are 
to  be  worked  to  one  shade,  but  in  cases  where  different  shades  are  to  be 
produced,  hand-dyeing  cannot  be  excelled.  For  warps,  the  apparatus  re- 
ferred to  on  p.  448  is  used  ;  it  can  be  made  with  two  or  more  kettles,  so  that 
the  warp  can  pass  through  two  or  more  different  solutions.  This  arrange- 
ment is  admirable  for  mordanting,  dyeing,  and  washing,  or  in  the  event  of 
using  the  primuline  colors,  requiring  rapid  treatment.  The  several  baths  can 
be  maintained  at  different  temperatures.  Yarns  and  warps  are  washed  in 
the  same  or  similar  apparatus  to  those  in  which  they  are  dyed. 

Cloth- dyeing  Machinery. — The  vats  are  either  iron  frames  and  wood  or 
all  wood,  in  some  places  small  enough  to  stand  on  the  floor  of  the  dye- 
house,  in  others  they  must  be  sunk  below  that  level,  in  all  cases  surmounted 
with  :i  hand  or  power  winch  for  working  the  pieces.  Drying  is  accom- 
plished by  wringing  out  the  yarn,  centrifugating,  and  hanging  on  wooden 
sticks  in  a  "  dry-room,"  or  in  the  case  of  piece-goods,  squeezing  through 
rollers,  centrifugating,  and  carefully  arranging  on  sticks  as  above.  Raw 
stock  is  dried  by  squeezing,  and  spreading  on  wire  gau/e  over  steam-pipes, 
or  b\  passing  through  an  automatic  drying-machine. 

Application  of  the  Natural  Coloring  Matters. — Indigo. — This  dye  is 
always  applied  in  the  cold,  and  by  any  of  the  several  "  vats"  now  known, 
among  which  the  lime  and  copperas  may  be  mentioned.  This  vat,  or  serie< 
(usually  ten),  is  made  up  in  various  proportions,  the  amount  of  ground 
indigo  ranging  from  thirty  to  thirty-eight  pounds,  copperas,  fifty  to  eighty- 
five,  lime,  eighty  to  ninety.  The  vats  being  filled  with  water,  the  lime  is 
added,  followed  by  the  ground  indigo  and  the  copperas,  raking  the  whole 
up  occasionally  until  the  indigo  has  been  reduced,  which  is  known  by  the 
olive-colored  appearance  of  the  liquid.  A  good  working  vat  is  known  by 
peculiar  blue  streaks  or  veins  which  appear  when  it  is  raked.  The  dyeing 
is  performed  by  dipping  the  wetted  yarns  in  the  oldest  (w< -ak« -t  vat.  then 
squeezed  out,  placed  aside  to  oxidize,  and  passed  through  the  next,  and  so  on 
until  the  proper  depth  of  shade  is  reached,  the  whole  operation  being  con- 
ducted systematically.  The  lime  which  is  precipitated  on  the  yarn  is  re- 
moved by  means  of  a  wreak  acid  and  washing.  Fiece-goods  are  dyed  in  a 
similar  solution  by  fastening  the  material  to  a  large  frame,  which  is  dipped 
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and  re-dipped  until  the  proper  shade  is  obtained,  or,  in  ease  of  warps,  also 
by  passing  over  immersed  rollers  in  a  large  vat,  and  finally  over  rollers 
exposed  to  the  atmosphere;  this  is  particularly  suited  for  light  shades. 

Zinc-powder  is  much  used  in  indigo-dyeing,  supplanting  copperas ;  for 
forty  pounds  of  indigo  about  twenty  pounds  of  zinc-dust  are  used.  This 
vat  is  more  economical  than  the  preceding.  Other  vats  are  also  employed, 
— viz.,  hydrosulphite,  German  soda  vat,  urine,  etc.,  but  those  detailed  in- 
dicate sufficiently  the  character  of  the  operation. 

Logwood. — This  dye-wood  is  used  in  the  form  of  liquid  or  solid  extracts, 
and  as  chips,  and  mainly  for  the  production  of  blacks.  The  cotton  is  mor- 
danted in  a  cold  solution  of  acetate  or  nitrate  of  iron,  squeezed,  and  the 
iron  precipitated  on  the  fibre  by  passing  through  a  solution  of  carbonate  of 
soda,  and  boiled  in  the  logwood-bath ;  or  the  cotton  is  allowed  to  steep  in 
a  solution  of  tannin  (sumach,  galls,  etc.)  for  several  hours,  then  worked  in 
dilute  iron  solutions  as  above, — this  produces  a  tannate  of  iron, — followed 
by  a  passage  through  weak  lime-water,  and  dye  in  a  separate  kettle.  Ace- 
tate of  alumina  can  be  used  with  the  iron,  somewhat  modifying  the  shade. 
A  "  chrome  black"  can  be  obtained  by  dyeing  in  a  single  bath  of  bichromate 
of  potash,  hydrochloric  acid,  and  logwood  ;  many  modifications  of  this  pro- 
cess are  known.  Gray  shades  can  be  obtained  by  first  working  in  logwood, 
and  afterwards  in  the  copperas  or  bichromate  of  potash  baths. 

Of  the  red  dye-woods  little  need  be  said,  as  their  practical  utility  in  dye- 
ing is  on  the  decrease ;  their  coloring  matters  are  fixed  in  the  usual  manner 
with  tin,  alumina,  or  iron  mordants.  Of  the  yellows,  Quercitron  Bark  and 
Tanner ic  are  the  most  important ;  the  former,  used  chiefly  as  an  extract,  is 
available  for  the  production  of  greens,  etc.,  in  combination  with  other  col- 
oring matters.  Turmeric  is  applied  directly  to  the  cotton  by  working  in  a 
plain  bath,  the  color  having  a  natural  affinity,  although  it  is  not  very  fast. 

Application  of  the  Artificial  Coloring  Matter  to  Cotton.* — In  this  section 
only  the  individual  colors  will  be  referred  to,  any  attempt  to  discuss  the 
production  of  shades  by  compounding  would  be  beyond  the  scope  of  this 
publication. 

Fuchsine  is  dyed  upon  tannin-prepared  cotton,  or  upon  cotton  that  has 
been  worked  in  small  quantities  at  a  time  in  a  bath  of  ten  per  cent,  of  neutral 
soap  or  Turkey-red  oil,  followed  by  an  immersion  in  a  warm  bath  of  two 
hundred  and  fifty  gallons  water  and  one  gallon  acetate  of  alumina  (9°  Tw.). 
Work  half  an  hour,  wash,  pass  through  a  soap-bath  for  fifteen  minutes, 
wash,  squeeze,  and  dye.  The  color  is  added  in  successive  portions  until 
the  required  shade  is  obtained.  Safranine  is  dyed  upon  a  tannin  mordant, 
or  the  tanned  material  is  worked  in  a  3°  Tw.  bath  of  stannous  chloride  for 
an  hour,  washed,  and  passed  through  a  two  per  cent,  soap  solution,  and 
dyed  at  140°  F.  Methyl  and  allied  Violets  can  be  dyed  upon  tannin  as 
above,  or  pass  the  un tanned  cotton  through  a  one  per  cent,  olive-oil-bath, 
squeeze,  and  dye  at  100°  F.,  or  with  the  assistance  of  acetate  of  tin,  or 
with  alum  and  soda.  The  basic  greens,  including  Victoria  Green,  Methyl 
Green,  Brilliant  Green,  etc.,  are  easily  dyed  upon  cotton  in  the  ordinary 
manner  with  a  little  (.5  per  cent.)  acetic  acid. 

The  Eosins,  with  Phloxin,  etc.,  are  dyed  in  several  ways  :  first,  by  pass- 
ing the  cotton  through  a  two  per  cent,  soap-bath,  followed  by  an  immer- 

*  Reference  has  been  made  in  the  preparation  of  this  and  subsequent  sections  on  its 
applications  to  several  of  the  published  trade  circulars  issued  by  the  coal-tar  color  manufac- 
turers, and  also  to  information  from  private  sources. 
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si<>n  for  t\\<»  Imnrs  in  t  \\ « •  to  three  p<-r  ci  nt.  acetate  <>f  lead,  washing  well, 
and  dyeing  mid,  with  a  little  acetic  arid  ;  or,  second,  by  working  in  a  dye- 
hath  with  ei"-ht  t<>  ten  per  cent.  nilphate  «»f  -..da.  nr  tin  <-t,tt<>n  can  be 
worked  in  5°  T\v.  bath  of  stannatc  of  -..da  fur  an  hour,  \\orked  for  thirty 
minutes  in  a  ten  per  cent,  alum  >nlutimi,  rin>ed,  and  dyed  cold.  IHnnitnnin 
is  dyed  on  acetate  of  alumina  exactly  as  fur  fueli.-iiie.  /;/•////*////,  (  o//o//,and 
Solnhlc  Him1*.  The  cotton  is  tanned  and  dyed  with  five  per  cent,  alum  and 
one  per  cent,  soda;  or  the  tanned  cotton  can  be  worked  in  a  3°  Tw.  Man- 
nous-chloride  bath  tin-  an  hour,  riu>ed,  and  d\<d  at  1  "•< •  V.  If  li^ht 
shades  are  to  be  produced,  work  the  cotton  in  a  five  per  cent,  snap-bath  for 
an  hour,  squeeze,  and  work  in  a  three  per  rent,  tannin-bath,  wrini:  nut,  and 
dye  with  the  assistance  nf  tartaric  acid  and  alum.  Vn-lurla  Blue.  Cotton 
is  mordanted  with  tannin;  dye  with  mie  JKT  cent,  acetate  of  alumina. 
Mtthylene  Blue.  This  is  an  exceedingly  valuable  color  to  the  cotton-dyer, 
as  with  it  he  can  produce  indigo  shades.  The  cotton  is  mordanted  with 
twenty-five  per  cent,  sumach  at  160°  F.  Give  several  turns,  and  allow  to 
steep  tell  hours,  wring  out,  and  work  for  twentv  minutes  in  two  and  one- 
half  per  cent,  tartar  emetic,  wash,  and  dye  in  a  bath  prepared  with  acetic 
acid  (three  per  cent.)  at  75°  F.,  gradually  raising  the  t< 'mperature  to  160° 
F.  ( 'rtx-i'/ii  Scarlets  are  dyed  on  cotton  by  working  the  untanned  yarn  in 
stannate  of  soda,  wring,  and  pass  for  hall  an  hour  through  sulphate  of 
alumina,  rinse,  and  dye.  Cotton  can  also  be  dyed  by  passing  -first  through 
stannic  chloride,  and  then  through  acetate  of  alumina.  Dye  cold,  or  dye 
direct,  with  sulphate  of  alumina.  Auramin,  of  considerable  value,  is  dyed 
in  the  same  manner  as  methylene  blue.  Bismark  Brown  and  Chrysodine. 
Dye  same  as  safranine ;  temperature  100°  F.  Induline  and  JSigrosine.  Dye 
in  same  manner  as  for  the  cotton  blues.  Paraphenylene  Blue  is  dyed  upon 
tin  or  antimony,  and  tannin.  The  shades  produced  are  very  dark,  and 
extremely  fast ;  treated  with  bichromate  of  potash,  the  shade  closely  imi- 
tates, and  is  faster  than,  indigo.  The  substantive  colors  of  the  Congo  and 
parallel  groups  are  exceedingly  valuable,  for  the  reason  that  they  are  easily 
dyed  upon  unmordanted  cotton,  and  that  they  are  of  exceptional  fastness. 
The  several  Congos,  Benzo-  and  Delta-purpurin,  and  Rosazarin,  are  dyed 
with  two  and  one-half  per  cent,  soap  and  ten  per  cent,  sulphate  of  soda,  or 
phosphate  of  soda,  boil  for  one  hour.  Hessian  Purple  is  dyed  at  a  boil  for 
half  an  hour  with  ten  per  cent,  common  salt,  followed  by  a  passage  through 
dilute  soda.  Chrysamin  is  dyed  with  ten  per  cent,  sulphate  of  soda  and 
two  and  one-half  per  cent,  soap  at  a  boil.  Hessian  Yellow  is  dyed  with  ten 
per  cent,  of  salt  and  a  little  Turkey-red  oil.  Brilliant  Yellow  and  Chryso- 
phenin  are  dyed  with  ten  per  cent,  salt  and  two  per  cent,  oxalic  acid,  work 
half  an  hour,  squeeze,  rinse,  and  dry.  Azo  Bluey  and  Benzoaziminey  Helio- 
trope^ etc.,  are  dyed  with  ten  per  cent,  sulphate  or  phosphate  of  soda  and  two 
and  one-half  pounds  of  soap,  let  stand,  and  skim  the  surface,  add  the  dye, 
boil,  and  put  in  the  yarn,  and  work  for  an  hour,  boiling,  rinse  the  yarn,  and 
dry  at  as  low  a  temperature  as  possible.  Indigo  shades  from  Benzoazimine 
are  obtained  as  above,  but  for  every  one  hundred  parts  of  color  add  three 
parts  Chrysamin.  All  the  benzidine  dyes  act  as  mordants  for  a  very  large 
number  of  other  colors,  no  other  fixing  agent  being  required. 

Aniline  Black. — This  color  is  produced  directly  upon  the  fibre  during 
the  dyeing  by  means  of  aniline  oil  in  the  presence  of  oxidizing  agents ;  to 
obtain  good  results  it  is  necessary  that  the  oil  used  should  be  as  pure  as  pos- 
sible. Two  methods  are  in  general  use, — warm  (Grawitz  patent)  and  the  cold. 
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In  the  former  method,  two  thousand  four  hundred  litres  of  water,  thirty-two 
kilos,  hydrochloric  acid,  sixteen  kilos,  bichromate  of  potash,  and  eight  kilos, 
aniline  oil  are  taken.  The  acid  and  aniline  are  each  diluted  with  water  and 
carefully  mixed,  the  solution  thus  obtained  being  added  to  the  main  volume 
of  water.  The  bichromate  of  potash  is  previously  dissolved  and  added  after 
the  aniline.  Immerse  the  cotton,  and  work  for  three-quarters  of  an  hour  in 
the  cold,  and  then  gradually  raise  the  temperature  to  60°  or  70°  C.  In  the 
cold  method  take  eighteen  kilos,  hydrochloric  acid,  eight  to  ten  kilos,  ani- 
line oil,  twenty  kilos,  sulphuric  acid,  66°  Be.,  fourteen  to  twenty  kilos, 
bichromate  of  potash,  and  ten  kilos,  copperas.  This  bath  is  made  up 
similarly  to  the  previous  one,  with  the  exception  that  much  less  water  is 
used,  in  order  that  the  operation  may  be  conducted  in  as  concentrated  a 
bath  as  possible.  The  yarn  is  worked  in  one-half  of  the  materials  for  an 
hour  or  so,  after  which  the  remainder  is  added,  and  the  operation  carried 
on  for  about  one  and  a  half  hours  longer,  followed  by  a  washing,  and  a 
boiling  in  a  soap  solution.  In  either  case,  the  cotton  after  dyeing  is  sub- 
jected to  a  further  oxidization  with  bichromate  of  potash,  copperas,  and 
sulphuric  acid, — this  having  a  tendency  to  prevent  greening.  Chlorate  of 
soda  is  used  considerably  as  an  oxidizing  agent  in  the  dye-bath.  Vana- 
dium chloride,  or  vanadate  of  ammonia,  has  been  recommended  to  be  used 
with  a  chlorate  in  place  of  bichromate  of  potash ;  the  proportion  of  the 
vanadium  salt  being  to  the  displaced  bichromate  as  1  : 4000.  Another 
method  is  to  produce  the  aniline  black  in  powder  form,  purify  it,  liberate 
the  base,  which  is  dissolved  in  sulphuric  acid,  poured  into  water,  and  the 
precipitate  formed  thereby  dissolved  in  caustic  soda.  This  is  reduced  as  in 
the  case  of  indigo,  and  dyed  in  a  similar  manner. 

Alizarin-dyeing,  Turkey-red  Process. — J.  J.  Hummel,  in  his  "  Dyeing 
of  Textile  Fabrics/7  1886,  p.  427  et  seq.,  details  the  emulsion  process,  which 
need  not  be  described  here.  It  may  be  stated,  however,  that  beautiful  re- 
sults have  been  obtained  from  its  use;  the  yarn  passes  through  fourteen 
operations,  as  follows :  boiling  in  soda  and  drying,  worked  in  an  emulsion 
of  oil,  dung,  and  carbonate  of  soda ;  passed  through  the  previous  process 
twice  again ;  worked  four  times  in  carbonate  of  soda,  steeped  in  water,  and 
in  carbonate  of  soda,  sumached,  mordanted  with  alumina,  dyed  wTith  aliza- 
rin (ten  per  cent.),  sumach,  and  blood,  cleared  with  carbonate  of  soda,  final 
clearing  with  soap  and  tin  crystals.  To  finish  the  dyeing  requires  about 
three  weeks,  but  a  real  Turkey-red  is  produced.  Except  for  some  grades 
of  goods,  it  is  doubtful  whether  such  a  lengthy  process  would  be  profit- 
able. 

The  following  scheme  of  a  process  represents  the  type  of  a  reasonably 
short  one  ;  it  is  well  to  remember  that  it  can  be  modified  to  a  considerable 
extent  without  altering  its  product.  It  is  used  in  several  establishments 
essentially  as  given.  Boil  the  cotton  for  two  hours  in  a  1.04  specific 
gravity  solution  of  caustic  soda,  wash  well  in  water,  dry,  and  work  in  seven 
to  ten  per  cent,  solution  of  Turkey-red  oil,  squeeze,  dry  at  about  115°  to 
120°  F.,  steam  in  a  chest,  mordant  with  acetate  of  alumina  (red  liquor) 
at  80°  Tw.,  and  dry  as  before ;  work  for  an  hour  in  a  hot  bath  of  five 
pounds  of  dung  and  eight  to  ten  pounds  of  chalk,  followed  by  a  good 
wash,  and  pass  to  the  dye-bath,  made  up  of  eight  per  cent,  of  alizarin,  two 
per  cent.  Turkey-red  oil,  and  about  one  per  cent,  of  ground  sumach,  or 
equivalent  in  pure  extract.  Enter  cold,  and  slowly  increase  the  temperature 
to  and  maintain  it  at  160°  F.  for  over  half  an  hour.  Dry,  and  steam  in 
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the  chest  as  above.     The  final  operation  i>  a  soapinjr  with  rarbonate  of  soda 

and  -taunous  chloride  a-  in  the  above  cinnl.-ion  procr--. 

An  almost  unlimited  nnnibcr  of  pi-ore—.-.-.  eoiil<  n,  hut  it  is  hardly 

-ary,  the  principle  remaining  tin-  -ame  in  every  case.      For  lull  informa- 
tion reference  is  made  to  Hunmirl,  above  mentioned,  S 

i.,  1888,  and  others.  The  apparatus  u.-ed  for  ali/ariu-dyeing  is  not  special, 
with  the  exception  of  the  machine.-,  for  "  padding,"  the  material  t«»  be  dyed 
with  the  oils  and  for  working  in  the  liijuois;  the  nio-t  important  is  the 
steam-chest,  which  is  essentially  a  lanj-e  cylindrical  wrou<rht-iron  drum  with 
ca-t  ends,  one  of  which  i>  provided  \\ith  a  well-closing  door.  The  chest, 
or  steamer,  is  provided  with  a  steam-.-upply  pipe,  gauge,  and  safety-valve. 
The  yarn  or  cloth  is  hung  on  sticks  supported  on  rods  inside,  or,  as  shown 
in  Fig.  125,  mounted  on  iron  carriages.  Some  chests  are  so  built  that  the 

Fio.  125. 


yarn  contained  can  be  turned  while  closed  and  with  the  steam  pressure  on, 
which  seldom  exceeds  four  or  five  pounds. 

Ingrain  Red,  a  color  obtained  from  jH-iunitine  or  polychroi/i!n<\  is  for 
some  purposes  a  perfect  substitute  for  Turkey-red,  being  fast  to  light,  soap, 
and  acids.  Primuline  is  dissolved  in  warm  water,  common  salt  or  sulphate 
of  soda  added,  and  the  yarn  worked  in  the  bath  until  a  good  full  yellow  is 
obtained,  when  the  material  is  washed,  and  immersed  in  a  cold  solution  of 
nitrite  of  soda  slightly  acidulated  with  either  hydrochloric  or  sulphuric 
acid,  this  causes  a  diazotizing  of  the  yellow  color,  with  the  production  of 
an  unstable  orange  shade;  the  yarn  is  lifted  out,  washed  rapidly,  and  at 
once  dipped  in  a  warm  solution  of  fi-napkthol  in  can-tic  soda,  when  a  deep- 
red  color  is  developed.  The  yarn  is  worked  tor  a  while,  and  afterwards 
well  washed  in  water.  If  phenol  or  resorcin  is  substituted  for  the  /3-naph- 
thol,  a  fast  yellow  and  oranyc  color,  respectively,  will  be  obtained.  The 
dia/oti/ed  yarn  is  very  sensitive  to  the  light,  if  it  is  not  in  a  reasonable 
time  developed,  no  color  will  be  obtained;  this  fact  is  at  the  present  time 
experimented  upon  with  a  view  to  its  pi.-sible  use  in  photography. 

Jjinen. — The  uses  to  which  fabrics  made  of  this  fibre  are  put  demand  colors 
that  shall  be  fast  to  washing,  light,  and  air ;  this  requirement  being  satisfied 
by  alizarin  and  indigo.  The  coal-tar  colors,  as  a  rule,  are  not  applied, 
although  they  can  be  by  treating  the  fibre  in  the  same  manner  as  cotton. 

Jute,  owing  to  its  peculiar  chemical  structure,  does  not  require  any 
mordanting  ;  all  basic  colors  can  be  applied  by  simply  boiling  in  a  neutral 
bath.  Some  scarlets  and  a  few  of  the  acid  colors  are  fixed  with  the  assist- 
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ance  of  a  little  acetic  acid  in  the  dye-bath,  sometimes  with  a  little  sulphuric 
acid  and  alum. 

Wool-dyeing. — Raw  wool  is  dyed  in  the  same  manner  as  raw  cotton,  in 
open  kettles,  or  in  machines  made  for  the  purpose.  Woollen  yarn  and  doth 
are  similar  in  their  manipulation  to  cotton,  the  apparatus  being  in  both  cases 
nearly  the  same.  Dyeing-machines  for  carpet  yarns  are  coming  slowly  into 
use,  several  forms  being  capable  of  handling  a  large  quantity  in  comparison 
with  hand  labor. 

Some  classes  of  goods,  i.e.,  plushes,  have  cotton  backs, — these  being 
previously  dyed  in  the  hank  and  warp  and  then  woven, — the  face,  or  pile, 
is  afterwards  dyed  the  proper  shade,  care  being  taken  to  select  such  colors 
as  will  have  no  modifying  effect  upon  the  cotton  color.  For  this  purpose 
cotton  dyed  with  aniline  black,  indigo,  or  alizarin  are  best  suited. 

Natural  Coloring  Matters  applied  to  Wool. — Indigo,  as  extract,  is  easily 
applied,  and  is  extensively  employed  in  the  production  of  light  and  dark 
shades  by  simply  boiling  the  wool  in  a  bath  made  up  with  the  color,  sulphuric 
acid,  and  sulphate  of  soda.  If  other  coloring  matters  are  to  be  used  in  con- 
nection with  the  above  for  the  production  of  compound  shades,  a  neutral  ex- 
tract had  better  be  used,  and  the  dyeing  done  without  the  above  acid.  Wool 
is  dyed  in  a  vat,  where  exceptionally  fast  and  full  shades  are  demanded,  espe- 
cially for  army  cloth.  Loose  wool  is  dyed  in  the  so-called  fermentation-vat. 
The  wool  being  kept  below  the  surface  of  the  liquor,  worked  about  by  means 
of  long  rakes  for  a  sufficient  time,  and  taken  out  and  put  in  large  cord  bags,  or 
placed  upon  rope  screens  to  drain  and  oxidize.  It  is  finally  dipped  in  very 
dilute  acid  to  remove  soluble  impurities,  well  washed,  and  dried.  Woollen 
yarn  is  worked  in  vats  exactly  as  in  the  case  of  cotton.  Cloth  is  worked  in 
the  vat  below  the  surface  of  the  liquid,  by  means  of  poles  with  hooks. 
The  best  indigo-dyed  cloth  is  that  made  from  wool  which  has  been  previ- 
ously dyed  in  the  raw  state, — dyed  in  the  wool. 

Logwood. — This  dyestuff  is  the  real  base  of  the  blacks  upon  wool,  the 
most  generally  followed  method  being  with  bichromate  of  potash  as  a  mor- 
dant. Boil  the  wool  in  a  bath  of  three  per  cent,  bichromate  and  one  per 
cent,  sulphuric  acid  for  an  hour,  lift  out,  rinse,  and  boil  in  a  bath  (made 
with  a  decoction  of  about  forty  per  cent,  chipped  logwood)  for  an  hour,  lift 
the  wool,  and  add  a  little  extract  of  fustic,  continue  the  boiling  for  a  half- 
hour.  This  will  yield  a  rich  black.  Various  modifications  are  practised, 
depending  upon  the  exact  shade  desired.  For  cheap  work  "  one- dip  blacks" 
are  used, — these  consist  chiefly  of  a  mixture  of  logwood  and  a  mineral  mor- 
dant, iron  or  copper.  Wool  can  be  mordanted  with  copperas,  copper,  and 
cream  of  tartar,  etc.,  followed  by  dyeing  in  the  logwood,  or  it  can  be  worked 
in  the  logwood  first,  followed  by  a  "  development"  in  a  bath  of  ferrous  sul- 
phate of  iron  and  copper. 

Logwood  Blue,  for  some  kinds  of  work,  is  an  excellent  substitute  for 
indigo,  full  shades  being  obtained  by  direct  dyeing,  or  by  dyeing  upon  a 
light  indigo  bottom.  Hummel  gives  the  following  method  :  Mordant  the 
wool  for  one  to  one  and  a  half  hours  at  100°  C.  with  four  per  cent,  of 
aluminum  sulphate,  four  to  five  per  cent,  of  cream  of  tartar ;  wash  well, 
and  dye  in  a  separate  bath  for  one  to  one  and  a  half  hours  at  100°  C.,  with 
fifteen  to  thirty  per  cent,  of  logwood  and  two  to  three  per  cent,  of  chalk. 
The  addition  of  a  little  alizarin  or  tin  crystals  to  the  bath  at  the  termination 
of  the  dyeing  will  cause  the  appearance  of  "  bloom,"  peculiar  to  indigo. 

The  red  woods  are  fast  losing  ground,  although  before  the  introduction  of 
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the  artificial  scarlet-  :m«l  cardinal-  they  \\ere  nuirli  used.  Mnihl.  /',  like\\ 
li:is  been  super.-eded  by  artificial  ali/arin.  \\'<M.l  \\a-  mordanted  for  hro\\n> 
with  bichromate  of  p..ta-h  a-  for  logwood  ;  li.r  /•<//>,  mordant  with  alum,  or 
sulph:it«-  <>f  aluiiiiiia,  with  cream  of  tartar  (argol-i,  ami  boil.  Tin  cry-tal- 
and  tartar  produce  a  reddish-yello\\  .  These  CM|I.I>  \\eiv  not  brilliant,  but  the 
value  «>f  them  depended  upon  their  fa.-tiie—  .  The  Q86  of  <  '••••hiimil  i-  mainly 
t«»r  the  scarlets  obtained  therefrom.  The  wool  i-  mordanted  witli  tin  crys- 
tals and  cream  of  tartar,  washed,  and  dyed  in  a  hath  with  five  i.,  t«  n  per 

cent,  of  cochineal  (ground)  lor  an  hour.     Another  method  i-  t»  boil  the 

unmordanted  wool  in  a  hath  of  cochineal,  tin  cry.-tal.-,  and  potassium  oxalatc 
for  an  hour.  For  acorfe&r  With  8  hluish  cast  (CTNWOW)  the  wool  i-  mordant!  d 
with  aluminum  sulphate  and  cream  of  tartar,  or  the  wool  ran  l»e  mordant"  d 
in  a  hath  containing  tin  crystals,  tartar,  and  aluminum  sulphate,  full.,\\<d 
h\  the  dyeing  in  a  separate  hath.  Copper,  or  iron,  as  a  mordant  will 
produce  dark  -hades,  and  as  impurities  in  the  dye-baths  will  have  a  sad- 
dening •  ctlcct  upon  the  color  obtained.  Fustic  is  largely  used  in  wool-dye- 
ing, chiefly,  however,  in  combination  with  other  colors,  —  i.e.,  indigo  extract 
to  produce  greens,  olives,  sages,  etc,,  and  always  upon  mordanted  wool, 
using  tin  crystal-,  sulphate  of  alumina,  bichromate  of  potash,  iron,  and 
co]  »per.  (Jtn-rritroii  Hark  is  used  for  the  same  purpose  as  fustic  and  under 
the  same  conditions.  Warin,  a  production  of  the  latter,  is  used  in  the  same 
manner,  its  chief  advantage  is  that  it  is  much  more  concentrated.  Archil 
(Orchil)  as  "extract,"  liquor,  or  paste  is  extensively  used  in  the  dyeing 
of  carpet  yarns;  it  is  applied  by  simply  boiling  the  yarn  in  a  bath  with 
the  color,  sulphuric  acid,  and  sulphate  of  soda.  It  is  exceedingly  difficult 
to  remove  from  yarn  once  dyed  with  it  ;  a  process  which  will  economically 
accomplish  this  is  much  sought  after  by  manufacturers. 

Ajijtlicdfion  of  the  Coal-tar  Colors.  —  As  a  general  rule,  it  may  be  stated 
that  nearly  all  the  soluble  artificial  colors  can  be  dyed  upon  wool  without 
any  special  treatment,  by  boiling  in  a  bath  with  ten  per  cent,  of  sulphate  of 
soda  and  two  to  four  per  cent,  of  sulphuric  acid.  A  lew  exceptions  may 
he  given  :  Alkali  I>lue  (Nicholson's  Blue).  The  color  is  dissolved  in  car- 
bonate of  soda,  poured  into  the  dye-bath,  the  wool  entered,  and  the  tem- 
perature raised  to  the  boil,  keep  boiling  for  a  while,  lii't,  rin>e  well,  and 
immerse  in  a  bath  of  very  dilute  sulphuric  acid,  when  the  color  \\ill  be  at 
once  developed.  The  Violet*  (Ilofmann's,  etc.)  are  dyed  neutral,  or  with  a 
little  soap.  M<-thi/l.  Green  is  applied  to  wool  with  borax,  after  having 
been  previously  mordanted  with  hypo>ulphite  of  soda  and  hydrochloric 
acid.  An  fa  mi  in'  is  dyed  neutral.  The  linliiliiifs  are  dyed  neutral,  fol- 
lowed by  a  boil  in  dilute  sulphuric  acid.  (i<i//i'in  and  CfiruH'in  are  dyed 
upon  wool  mordanted  with  bichromate  of  potash  and  a  trace  of  sulphuric 
acid.  The  application  of  Alizarin  to  wool  is  exactly  as  for  madder,  the 
general  mordant  being  sulphate  of  alumina  and  tartar  form/*;  tin  crystal^ 
and  tartar  fur  o/-</m/r  ;  bichromate  of  potash  and  Milphuric  acid  for  /•«/- 
In'on-iiK  ;  iron  and  tartar  vield  rio/ct  ;  and  copper,  shades  of  In'oirn.  The 
addition  of  a  little  lime  to  the  dye-bath  is  necessary  in  case  none  is  naturally 
present  in  the  water. 

Xitro-iitiz'irin  (Ali/arin  Orange)  produces  with  several  metallic  mor- 
dants, applied  as  above,  a  ran^e  <>f  -hade-,  which  have  not  reached  commer- 
cial importance.  Al'r.'trin  Him-  is  dyed  upon  a  chromium  mordant,  and 
yields  a  durable  blue,  of  some  value,  —  for  wool,  the  price  of  the  dye  is 
against  it. 
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The  mineral  colors  are  dyed  upon  fibres  through  the  decomposition  of 
metallic  salts,  for  example,  to  dye  Prussian  Blue,  the  wool  is  worked  in  a 
bath  of  red  prussiate  of  potash  and  sulphuric  acid,  and  gradually  brought 
to  a  boil,  squeezed,  rinsed,  and  dried. 

Silk-dyeing. — Silk  has  a  great  affinity  for  the  coal-tar  colors,  with  which 
it  can  be  dyed  without  any  mordant,  although  it  is  customary  to  employ  a 
soap-bath  (boiled-off  liquor)  with  or  without  the  addition  of  a  weak  acid, 
usually  acetic.  If  soap  is  not  used  the  colors  will  appear  streaky  or  spotted. 
For  ribbons,  fancy  dress  goods,  plushes,  etc.,  the  above  colors  are  solely 
employed,  with  the  possible  exception  now  and  then  of  recourse  to  some 
natural  coloring  matter,  the  use  of  the  latter  being  almost  restricted  to 
logwood  for  blacks  and  modified  shades,  including  browns.  Silk  is  dyed 
in  skeins  or  hanks,  warps,  or  pieces,  this  latter  including  plushes.  The 
machinery  is  of  the  simplest  kind,  embracing  the  kettles,  with  and  without 
winches,  washing-machines,  etc.,  and  need  not  be  especially  described. 

Silk  is  not  dyed  with  indigo  (vat  process),  but  indigo  shades  are  obtained 
by  using  indigo-carmine.  Black  is  obtained  by  several  processes.  Work 
the  silk  in  acetate  of  iron  and  wash,  then  in  a  warm  soap  solution,  followed 
by  an  immersion  in  ferrocyanide  of  potash,  washed,  and  worked  again  in 
the  iron-bath,  rinsed  well,  and  steeped  in  a  solution  of  catechu  or  gambir 
for  ten  or  twelve  hours  and  washed.  This  preliminary  process  is  necessary 
in  order  to  insure  a  good  result  if  systematically  carried  out  and  not  forced. 
The  material  is  dyed  in  a  logwood  decoction  containing  soap. 

A  method  giying  excellent  results,  and  which  is  considerably  used, 
is  as  follows :  Wash  the  goods,  and  pass  through  a  bath  of  nitrosulphate 
of  iron,  wash,  and  then  through  a  solution  of  carbonate  of  soda.  These 
two  operations  are  repeated  several  times,  each  time  causing  the  precipita- 
tion of  more  iron  upon  the  fibre,  and  consequently  "  weighting"  the  silk. 
Work  for  some  time  in  a  bath  of  ferroprussiate  of  potash  and  then  in  a 
bath  of  catechu,  followed  with  a  little  "  muriate  of  tin''  or  tin  crystals, 
wash,  and  transfer  to  the  .logwood-bath,  which  may  contain  a  little  extract 
of  fustic  to  modify  the  shade  required,  then  to  a  soap-bath.  Every  locality 
is  not  suited  to  black  silk-dyeing  on  account  of  impurities  in  the  water, 
careful  purification  of  which  is  a  special  requisite.  Seal  plushes  are  dyed, 
first  in  a  dye-bath  in  the  ordinary  manner,  a  dark-brown  shade,  followed 
by  the  application  of  a  black,  blue-black,  or  other  color,  in  the  form  of  a 
paste  thickened  with  starch,  gum,  or  other  medium.  The  application  of 
this  being  done  on  a  machine  provided  with  revolving  brushes,  and  so  regu- 
lated that  only  the  tip  or  face  of  the  piece  of  goods  is  coated.  One  impor- 
tant feature  in  plushes  of  this  character,  and  also  in  other  kinds  of  silk 
goods  which  have  been  heavily  iron-mordanted,  is  that  the  natural  lustre 
of  the  fibre  is  somewhat  destroyed ;  this  is  supplied  by  means  of  a  paste 
mixture  of  vegetable  oils  made  into  a  paste  with  starch  or  other  substance, 
applied  as  in  the  case  of  the  tip,  and  steamed  in  an  apparatus  similar  to 
that  used  for  alizarin  red  (p.  463).  The  oil,  usually  a  definite  amount, 
is  absorbed  by  the  silk  fibre  under  the  influence  of  steam,  imparting  a  per- 
manent lustre.  The  goods,  when  removed  from  the  steamer,  are  washed  to 
remove  the  starch,  excess  of  oil,  etc.,  when  they  are  ready  for  other  opera- 
tions. 

The  weighting  of  silk  is  accomplished  by  the  use  of  iron,  as  explained 
above.  This,  however,  is  only  suitable  for  dark  shades ;  for  light  shades, 
tin  in  combination  with  soap  is  used. 
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A  class  of  fabrics  similar  t<»  plu-h,  Imt  with  the  />//<  of  two  or  even 
three  colors,  much  used  for  carriage-robe-.,  etc.,  and  dyed  to  imitate-  tin-  .-kins 
of  animals,  are  prepared  in  the  following  manner:  The  material  (eotton- 
l)laek  an<l  silk  ///A,  the  former  previously  dyed  a  fa-t  color)  is  dyed,  say 
a  brown,  in  the  ordinary  manner;  upon  the  fibre  is  thru  applied  a  di  — 
charge  made  of  -taunoiis  chloride  solution  and  pcrman-aiiatr  ol'  pota-li. 
Tliis  is  so  controlled  that  only  one-half  of  the  fibre  i^  acted  upon.  When 
the  elVeet  i>  produced  the  excess  is  wa>ln-d  oil',  rin-ed,  dried,  and.  if  neces- 
sary,  a  fi/>  is  applied,  which  only  dyes  the  very  lace  of  the  pile.  In  this 
manner  three  colors  are  obtained  on  each  thread  of  the  face.  After  treat- 
ing a<  above,  the  whole  may  be  dyed  a  very  light  shade,  thereby  producing 
modified  effects. 

The  artificial  coloring  matters  are  applied  to  silk  as  previously  stated. 
A'/W/o/xo//'x  Blue  (Alkali  Blue)  is  applied  as  directed  for  wool,  and  seldom  for 
the  production  of  mixed  shades.  PicrieAdd'is  much  used  for  compounding, 
especially  for  greens,  faster  colors  can  be  obtained  by  using  naphthol  yellow 
and  indlgO-carmine.  The  Eosins  yield  beautiful  colors,  and  are  applied  in 
a  soap-bath  followed  by  a  brightening  in  dilute  acid.  The  Azo  dyes  are 
applied  with  a  neutral  soap-bath. 

The  use  of  Alizarin  with  silk  is  only  in  cases  where  fastness  is  of  more 
importance  than  brilliant  shades.  Alizarin  Hind:  is  being  much  used  in 
dyeing  mohair  r/oof/x  (a>t radians),  and  is  applied  in  the  ordinary  manner. 

E.  PRINTING  TEXTILE  FABRICS. — A  brief  outline  of  the  more  impor- 
tant "  .x-////r.s"  in  use  is  all  that  will  be  attempted  in  this  section,  from  the 
fact  that  the  subject  is  too  extensive  to  enter  into  the  details  satisfactorily. 
The  processes  in  general  are  conveniently  divided  into  two  main  groups, 
differing  in  the  manner  of  applying  the  colors, — namely,  Direct  7V/'///"/ 
Colors,  Dyed  Colors. 

I)ir«-t  rriiithiy  is  done  by  mixing  the  desired  color  with  the  proper 
fixing  agents  and  applying  directly  to  the  fabric  by  means  of  block-  en- 
graved with  the  design,  or  in  a  machine  provided  with  a  cylinder  upon 
which  the  design  is  likewise  engraved  ;  for  each  color  to  be  applied  a  sepa- 
rate cylinder  is  needed.  From  the  above  it  is  obvious  that  the  color  so 
applied  will  appear  only  on  those  portions  of  the  fabric  brought  in  contact 
with  the  design. 

Dyed  Colors  are  obtained  by  printing  different  mordants  upon  the  cloth, 
as  above,  and  fixing  as  for  ordinary  cloth,  and  then  dyeing  the  whole,  or, 
by  printing  upon  the  cloth  /rx/Vx,  substances  which  will  prevent  the  dye 
from  becoming  fixed  at  those  places  so  printed,  or,  again,  by  dyeing  the 
whole  piece  lirM,  and  then  producing  patterns  or  designs  by  means  of  sub- 
stances which  will  destroy  the  ground-color  whenever  brought  in  contact  ; 
'  these  substances  are  called  (lim-harf/c*.  This  broad  definition  is  deemed  suf- 
ficient for  the  purpose  intended  ;  the  principle  of  each  style  will  be  apparent 
upon  following  the  methods  hereafter  given. 

The  operation-  conducted  in  a  print-works  embraces  as  a  preliminary 
Itlfafhiiifj,  the  details  of  which  are  referred  to  on  p.  448.  Then  the  prep- 
aration of  the  colors,  which  is  always  done  in  copper  pans  mounted  in 
such  a  manner  that  they  can  be  emptied  easily,  and  that  their  contents  can 
be  boiled  by  steam,  and  cooled  by  water,  facilities  for  this  being  done  by 
means  of  steam  and  water  trunnion-  connecting  with  the  double  bottom  of 
each  pan.  From  five  to  eight  pans  are  supplied  in  a  lt  battery,"  although 
it  is  often  convenient  to  have  one  or  more  pans  separately  mounted,  and 
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FIG.  126. 


without  steam  taps.  The  agitation  of  the  contents  is  performed  either  by 
means  of  wooden  paddles  or,  preferably,  by  mechanical  agitation,  which 
can  be  raised  clear  above  the  top  of  the  pan,  and  without  interfering  with 
the  working  of  the  others.  As  the  majority  of  colors  used  are  made  with 
either  starch  or  flour  for  thickening,  it  is  necessary,  to  insure  good  results, 

that  they  are  strained  or  filtered ;  for  this 
purpose  it  is  well  to  have  wooden  frames 
made,  over  which  is  tacked  brass  or  copper 
wire  cloth  (iron  is  inadmissible).  The  most 
important  piece  of  apparatus  is  the  printing- 
machine,  an  idea  of  the  construction  and 
operation  of  which  may  be  had  from  Fig. 
126.  A  is  a  cylindrical  "bowl"  or  drum, 
covered  with  several  thicknesses  of  felt 
cloth,  c,  around  this  drum,  and  passing  over 
a  smaller  one,  B,  is  an  endless  band,  d  (full 
width  of  the  machine),  over  this  band,  and 
acting  as  a  guide  to  the  fabric  to  be  printed, 
is  another  band,  e,  which  serves  to  keep  d 
clean,  being,  in  fact,  a  piece  of  cloth,  yet 
to  be  bleached  and  printed  ;  the  piece  being 
printed  is  indicated  by/.  The  means  for 
applying  the  color  are  shown  in  the  figure 
below  the  large  drum, — viz.,  the  printing 
rollers  or  engraved  cylinders  hl9  h2,  A3,  which 
are  fed  with  color  through  coming  in  con- 
tact with  the  wooden  rollers  nl9  n2,  n3,  which 
dip  in  the  color  contained  in  the  troughs 
k\>  k2,  k3.  Pressing  against  each  of  the 
rollers,  h,  is  shown  a  small  strip  of  metal, 
r,  technically  termed  the  "doctor,"  the 
purpose  of  which  is  to  remove  the  excess  of 
color  from  the  face  of  the  printing-rollers 
before  they  come  in  contact  with  the  cloth. 
These  "  doctors"  are  best  made  of  bronze 
or  gun-metal,  or  some  of  the  newer  aluminum-copper  alloys, — capable  of 
better  resisting  weak  acid.  Before  the  cloth  is  printed  upon  it  passes  over 
a  "  lint  doctor,"  the  office  of  which  is  to  remove  any  loose  hair  or  fibres 
from  the  cloth.  Printing-machines  are  built  with  any  number  of  color 
boxes  and  rollers  up  to  twelve  or  fourteen,  each  being  for  a  separate  color. 
Sansone  mentions  one  for  use  with  twenty  colors.  Great  nicety  is  required 
in  adjusting  the  machines  in  working  to  have  no  overlapping  of  colors  or 
mordants, — perfect  "  registration"  being  sought. 

For  drying  the  printed  goods  revolving  cylinders,  or  "cans"  of  large 
diameter,  are  used,  or  the  goods  are  passed  over  heated  plates,  in  no  case 
allowing  the  printed  face  to  come  in  contact  with  any  part  of  the  apparatus. 
Steaming  follows  to  fix  the  colors.  The  apparatus  being  a  steamer,  as 
shown  on  p.  463,  or  one  constructed  of  brick  and  iron,  acting  continuously, 
thereby  turning  out  much  more  work  than  the  former.  The  dyeing-  and 
washing-machines  are  similar  to  those  already  described. 

Mordants,  Resists,  Discharges,  etc. — All  the  various  substances  used  in 
printing  must  be  applied  in  the  form  of  pastes,  the  consistency  of  which 
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mu-t  be -nch  that  whenever  applied  they  \\\\\  not  rim  or -pread,  which  impairs 
the  sharping  of  outline  of  the  printed  pattern.  For  the  purpose  the  Color- 
mixer  ha-  recourse  to  the  Man-lies  and  -jinn-,  the  nio-t  important  of  \vliirli 
are  <-<>/-ii,  ir/ixtf  .v/f//W/,  and  j1»m\  usually  made  up  into  ten  per  <•«  nt.  pa-tes. 
The  gum.-,  include///////  Oftl6tb,  dextrine  (British  //»///),  and  lr<n/<n-nnth.  The 
first  i-  n-ed  in  -everal  derives  of  eon-i-tency,  from  a  fifty  in  a  one  hun- 
dred and  fifty  pel-  cent.  solution,  dextrine  the  same,  and  the  la-t  ill  a 
ten  pel-  cent.  pa-te.  'Hie  pn >porti« ,11^  are  by  no  mean-  uniform,  hut  they 

represent  the  average  strengths  used  in  the  , •,,!,, \-  hou-e.     Blood  oJbwnm  IB 

considerably  u-ed,  lame  quantities  heiiiLi'  niamit;ictur<-d  rliraplv  in  < 'lii«-a^o 
and  Other  Western  localities.  The  mordant-  n-cd  em hra ce  th'e  acetates  of 
alumina  of  various  strengths,  ha>ic  sulphate,  and  (.thei>  of  I,-.-.  imp(»rtance. 
The  acetate-  and  nitrate.-  of  iron  are  the  nio>t  prominent  -alt-  of  thi-  element, 
and  of  chromium  there  may  he  mentioned  the  acetate-  and  nitrate-  ;  others, 
including  salts  of  tin,  calcium,  maiiLiane-c,  are  al.-o  used.  O^in'j  to  the 
ureat  niimher  of  recipes  published  for  preparing  mordant-,  and  of  the  ditli- 
culty  in  selecting  those  which  may  he  called  n-pn -.•ntative,  «.nlv  a  few  will 
be  given  of  the  more  important. 

Acetate  of  Alumina,  or  "  Red  Liquor"  (Crookes). — 

Water 45  gallons.  46  gallons. 

Alum 100  pounds.  200  pounds. 

Acetate  of  lend 100       "  200      '• 

Soda  crystals 10       "  10      u 

Or  the  same  result  can  be  had  by  substituting  acetate  of  calcium  for  the 
lead  salt.  In  either  case  the  alumina  salt  is  dissolved  in  about  half  the 
quantity  of  water,  and  the  acetate  in  the  remainder,  when  the  two  solu- 
tions are  mixed  and  allowed  to  settle,  the  precipitated  lime  or  lead  sul- 
phate being  removed.  The  addition  of  soda  is  to  neutralize  any  free  acetic 
acid. 

Acetate  of  Iron,  or  u  Black  Iron  Liquor/'  can  be  obtained  either  by 
double  decomposition  as  above,  or  by  dissolving  scrap-iron  or  precipitated 
oxide  of  iron  in  crude  acetic  acid.  In  the  former  method  sulphate  of  iron 
and  acetate  of  lead  are  used  as  follows:  Water,  forty  pounds,  sulphate  of 
iron,  twenty-four  pounds,  acetate  of  lead,  twenty-four  pound-.  I>i-solve 
each  separately,  mix,  and  filter.  The  oxide  of  iron  above  mentioned  is  ob- 
tained by  precipitating  a  solution  of  copperas  with  ammonia  or  soda,  filter- 
ing and  washing,  and  dissolving  the  moist  precipitate  in  ordinary  acetic 
acid  to  make  a  twenty-five  per  cent,  solution.  In  the  event  of  using  soda, 
much  longer  washing  is  required. 

Nitrate  <>/  Iron  is  made  as  above.  Copperas  and  nitrate  of  lead  being 
u-cd  for  the  decompositions  in  equal  proportions.  Nitrates  made  by  direct 
solution  are  obtained  by  several  methods,  the  best  being  nitric  acid  nearly 
sitnrated  with  scrap-iron  and  diluted  to  about  SO0  Tw.  Others  may  con- 
tain hydrochloric  acid,  with  or  without  the  addition  of  copperas.  Acetate 
of  Chromium  is  similarly  prepared  with  chrome  alum  and  acetate  of  lead, 
or  by  precipitating  chrome  alum  with  an  alkali,  and  dissolving  the  washed 
precipitate  in  acetic  acid,  or  in  nitric  acid  if  the  nitrate  is  wanted.  This 
latter  mordant  can  be  made  by  using  lead  nitrate  and  chrome  alum. 

The  principal  styles  of  printing  ti— n<-  are  given  in  the  following 
scheme,  condensed  from  a  tabular  view  given  in  Sansone's  excellent  work 
on  "Cotton-Printing." 
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PRINTED  (DIRECT)  COLORS. 

1.  Steam  or  Extract  Styles. 

(a)  Coal-tar  Colors. 

Alizarin,  Basic  Aniline  Colors,  Acid  Colors. 

(b)  Dyewood  Extracts  (natural  organic  coloring  matters). 

Logwood,   Quercitron  Bark,  Sapan  and  other  Red  Woods, 
Catechu,  Annatto,  Cochineal. 

(c)  Steam  Mineral  Colors. 

2.  Pigment  Styles  (fixed  by  albumen). 

3.  Oxidation  Colors. 

4.  Direct  Indigo-printing  (alkaline  styles). 
DYED  COLORS. 

5.  Alizarin  Dyed  Styles. 

6.  Turkey-red  Styles. 

7.  Indigo  Styles. 

8.  Manganese  Bronze  Styles. 

1.  Steam  Styles. — Here  the  colors  and  proper  mordants  are  mixed,  and 
applied  to  the  fabric  in  one  operation,  followed  by  air  drying  and  steaming, 
or  by  immediate  steaming,  drying,  and  again  steaming,  the  object  in  each 
case  being  to  fix  and  develop  the  colors.  Several  conditions  are  to  be  noted 
in  this  style,  chiefly  the  humidity  of  the  steam,  temperature,  pressure,  and 
the  duration  of  the  steaming,  in  order  that  the  same  shades  may  be  again 
obtained  with  the  same  colors.  Before  being  printed  the  cloth  is  passed 
through  a  solution  of  stannate  of  soda,  also  called  "  preparing  salt,"  and 
then  through  sulphuric  acid  (1.005  to  1.015  specific  gravity),  washed,  and 
dried.  The  colors  best  suited  are  the  basic, — that  is,  those  which  form  in- 
soluble lakes  with  tannin  in  combination  with  a  metal,  and  the  general 
method  of  applying  the  same  is  given  in  the  following  extract  from  San- 
sone  ("  Printing"),  p.  208  :  "  A  color  is  formed  consisting  of  thickening,  the 
solution  of  coloring  matter,  and  acetic  acid.  The  acetic  acid  is  added  in 
the  preparation  of  the  color  in  order  to  prevent  the  tannic  acid  from  com- 
bining with  the  dyestuff ;  in  other  words,  the  acetic  acid  keeps  both  the 
coloring  matter  and  the  tannin  in  solution  in  the  thickened  color,  and  pre- 
vents their  combining  with  each  other ;  but  when  the  color  is  printed  and 
the  cloth  is  dried  and  steamed,  the  acetic  acid  is  expelled,  and  the  coloring 
matter  and  the  tannin  then  go  into  combination  to  form  the  insoluble  col- 
ored lake.  This  lake,  however,  not  being  sufficiently  fast  to  stand  by  itself, 
a  metallic  mordant  is  necessary  to  give  additional  fastness  to  the  colors ;  for 
this  reason  the  cloth,  after  printing,  dyeing,  and  steaming,  is  passed  into  a 
solution  containing  tartar  emetic."  The  antimony  of  which  at  once  unites 
with  the  "  tannate"  of  the  color  already  on  the  fabric,  thereby  producing  a 
more  insoluble  body.  The  steaming  operation  must  be  conducted  with 
such  a  volume  of  steam  that  the  acetic  acid  volatilized  can  be  carried  away, 
or  else  the  colors  may  be  injured.  Of  the  colors  employed  may  be  men- 
tioned the  Fuchsines,  Methyl  Violets  and  Greens,  Bismarck  Brown,  Naph- 
thylene  Blue,  etc. 

Alizarin,  without  exception,  is  the  most  important  coloring  matter  used 
in  cotton-printing,  for  which  purpose  the  goods  are  previously  treated  with 
alizarin  oil  and  dried.  With  alizarin  in  printing,  as  in  dyeing,  the  color 
obtained  depends  upon  the  selection  of  the  mordant,  which  can,  however, 
be  a  mixture  ;  for  reds,  alumina,  with  or  without  tin  ;  purples,  iron  ;  browns, 
with  either  ferricyanide  of  potassium  or  acetate  of  iron,  and  acetate  of 
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alumina,  <»r  with  chromium  mordants.      NVIn-n  the  fabrics  have  been  printed 
they  :uv  Mramed  for  one  «»r  two  horns,  and  passed  through  a  heated  ehalk- 
l>ath.  \\a-hed,  and  >«»aju-d.      Tin-  follu\\  JIIL:  indicate  the  method-  of  preparing 
•  ral  colon  : 

Red.     (Standard.) 

Alizarin  pute  (fifteen  per  cent) •;   pounds. 

Starch  pasti- •_'    gallons. 

f  alumina  ill0  !*»'•.) \\  pints. 

Acetate  of  lime  (16°  Be*. ] 1    pint. 

Nitrate  of  alamina  (18°  B4.) \ 

Purple.     (Standard.) 
Ali/arin 2  pounds. 

ii  paste • 1  gallon. 

atf  of  iron  (13°  Be.) 1  quart. 

Acetate  of  lime  (18°  B&) 1  pint. 

Acetic  acid 1     " 

Brown.     (Standard.) 

Alizarin  (fifteen  p«-r  ct-nt.) 4  pounds. 

Starch  paste 1   gallon. 

Nitro-arrtati*  of  chromium  (25°  Be.) X  pounds. 

Acetate  of  lime  (13°  Be.) \  pound. 

Since  the  introduction  of  the  alizarin  greens  and  violets,  their  use  in  con- 
nection with  chromium  in  cotton-printing  has  been  most  rapid. 

Dye-H'otxfx,  with  the  exception  of  logwood,  have  been  nearly  superseded 
1>\  the  tar  colors.  The  method  of  applying  the  color  is  nearly  the  same  as 
for  other  steam  colors, — viz.,  print,  dry  in  the  air,  steam,  and  wa-h,  and  is 
made  up  with  chromium  as  the  mordant,  and  an  oxidizing  agent,  with  or 
without  the  presence  of  another  coloring  matter  to  modify  the  shade. 

The  following  recipes  illustrate  the  color  as  made  for  blacks : 

Steam  Logwood  Black.     (Sansone.) 

\\  "atcr 1       gallon. 

Acetic  acid  (6°  Tw.) .1  " 

Logwood  extract  (30°  Tw.) 1          " 

Quercitron  bark  extract  (30°  Tw.) 2       pounds. 

Starch 5  " 

Dextrine 2.5        " 

Olive  oil 6        " 

Chlorate  of  potash  or  soda 75  pound. 

Boil,  stir,  until  cold,  then  add 

Acetate  of  chromium  (20°  Tw.) 1      gallon. 

Steam  Logwood  Black.     (Sansone.) 

Starch 6       pounds. 

Flour 6  " 

Acetic  acid  (6°  Tw.) 2.5  gallons. 

Logwood  extract  (20°  Tw.) 3.5         " 

Acetate  of  iron  (15°  Tw.) 3.5         " 

Olive  oil 1.5  pounds. 

Of  the  other  natural  coloring  matters  there  may  he  mentioned  Cochineal, 
applied  with  tin  or  alnminu  ;  >V/y^///,  in  the  same  manner,  and  (Quercitron 
Hurl:,  with  alumina  or  chrnmimn.  ( '<tf«-/i>/,  mneh  used  for  browns,  may  be 
applied  with  acetate  of  chromium  or  with  logwood  and  fuchsine. 

The  Mineral  Color*  are  to  some  extent  made  use  of,  their  application 
depending  upon  the  principle  of  double  decomposition  upon  its  fibre  when 
subjected  to  steaming.  The  following  examples  will  make  the  principle 
clear:  Yellows  arc  obtained  by  the  decomposition  of  nitrate  of  lead  and  a 
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soluble  chromate,  the  insoluble  chromate  of  lead  ("  chrome  yellow")  being 
formed.  Another  shade  is  obtained  by  decomposing  a  soluble  cadmium  salt 
with  thiosulphate  of  soda,  when  sulphide  of  cadmium  is  precipitated.  For 
Blues,  both  prussiates  of  potash  are  used.  Brown  is  obtained  by  means  of 
chloride  of  manganese  and  bichromate  of  potash. 

2.  Pigment  Styles. — For  this  style  effects  are  produced  by  means  of  in- 
soluble color  lakes  and  the  mineral  colors,  which  are  fixed  upon  the  cloth 
by  steaming,  the  action  of  which  coagulates  the  albumen  with  which  the 
colors  are  invariably  mixed  for  printing.     The  colors  are  generally  supplied 
to  the  color-mixer  in  a  dry  condition,  and  include  Ultramarine  of  various 
qualities,    Vermilion  (sulphide  of  mercury),  the    Chromates  of  Lead  and 
Barium,   Cadmium   Yellow  (cadmium  sulphide),   Chrome  Green  (oxide  of 
chromium),  the  Ochres,  yellow  and  red,  and  Lamp-black.     A  familiar  ex- 
ample of  this  style  is  seen  in  cheap  flags  and  decorative  muslins. 

3.  Oxidation  Colors. — The  most  important  of  this  class  is  Aniline  Black, 
and  will  be  briefly  outlined  as  follows :  Aniline  oil  is  made  into  a  paste 
with  a  chlorate  (soda  generally)  and  a  metallic  salt,  with  the  proper  amount 
of  starch  paste.     This  is  printed  upon  the  fabric,  "  aged"  for  forty-eight 
hours,  or  passed  through  a  "steam  ager,"  then  passed  through  a  warm  bath  of 
bichromate  of  potash,  washed  well,  and  finally  worked  through  a  soap-bath. 
The  metallic  salt  mentioned  acts  as  a  carrier  of  oxygen,  and  for  the  purpose 
vanadate  of  ammonium,  sulphide  of  copper,  bichromate  of  potash,  etc.,  are 
used.    For  the  preparation  of  the  color  paste  the  following  methods  are  given  : 

1.  Water 1  gallon. 

Aniline  salt 2  pounds. 

Aniline  oil 2         " 

Starch 2         " 

Dextrine £  pound. 

The  paste  is  made  first  with  the  starch  and  dextrine,  then  the  aniline  is  added. 

2.  Chlorate  of  soda  (8°  Be.) 1  gallon. 

Starch 2  pounds. 

Dextrine £  pound. 

Chloride  of  ammonium |       " 

These  are  made  separately,  but  when  wanted  are  mixed,  and  two  pounds  of 
sulphide  of  copper  paste  are  added,  and  the  whole  well  mixed  and  strained. 
(Crookes.) 

The  use  of  vanadium   is   shown  by  the  following  method  (Sansone. 
"  Printing,"  p.  275) : 

Water 1    gallon. 

Starch li  pounds. 

Dextrine |  " 

Boil,  cool  down  to  120°  F.,  then  add 

Aniline  oil 1*  " 

previously  neutralized  with 

Hydrochloric  acid  (32°  Tw.) 1£  " 

Stir  until  cold,  then  add  a  cold  solution  of 

Chlorate  of  soda |  pound. 

Boiling  water 1  " 

Before  printing  add  further 

Vanadium  solution £        " 

Print,  dry  not  too  hard,  age  two  days,  then  pass  through  two  per  cent,  solution  of  hichro- 
mate  of  potash  at  160°  F.,  wash  and  soap. 

The  vanadium  solution  is  made  with  vanadate  of  ammonia,  hydrochloric 
acid,  glycerine,  and  water,  and  contains  about  .15  gramme  per  litre. 
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(  )thcr  color-  aiv  produced  by  oxidation,  —  namely,  \\m\\  n  (  with  phenvl<  n 
diamine,  San-niir  ),  l>\   -impl\   printing  \\  ilh  a  chlorate,  drying,  ami  -teaming, 

Yellow,  Grays,  Olives.  Him-,  etc,  To  obtain  \\liii.-  pattern-  <>n  goods 
printed  with  aniline  black,  a  '  Ifl  lir-i  applied  of  the 

de-ired  patten,  consisting  of  white  arsenic  as  the  ban-,  with  can-tie  -oda, 
and  the  proper  thickening.  Fur  <//'.W/>r/v///>y  the  aniline  l>laek  alter  it  i- 
printed,  permanganate  of  pota-h  i-  n-ed  ;  the  goods  are  afterward-  pa>-ed 
through  a  sulutiuii  uf  oxalic  acid. 

4.  Iinn(/<i-/n-intiit(/.  —  Indiiio  i-  printed  upon  ruttun  t'ahrics  in  tun  \ 
OIW  «»f  which  is  known  :is  the  "  GluOOSC,  and  the  utln-r  the-  KcdiK-ed 
Indi_Li-u"  ProceSB,  The  li.nner  i>  eai'rie<l  mil  as  t'ullu\\>:  I  ndi-o  is  iinely 
Liroinxl,  and  made  into  a  pastr  with  water,  to  \\hidi  i^  added  can-tic  -"da  ; 
this  is  n<>w  kept  in  a  rlu-rd  vc--r|  in  unlrr  t«>  prevent  a-  much  as  pussiMc 
the  al>surptiun  ut'  cai-lx>nic  oxide  innn  the  atum^pheiv.  \\'hen  n-e«l  in 
printing,  it  is  thickened  with  dextrine  and  starch  ;  t£e  following  talde  (  t'ruin 
Sansunc.  ••  (  uttun-lVinting,"  p.  284)  sho\vinu  the  proportions  ust-<l  t'..r 
several  shades  : 


Liijlit  calcined  starch 
Imliaii  corn  starch 

r 

Caustic  soda  lye  (70°  T\v.) 
Indigo  paste 


Dark  blue. 
3     part-. 


16 
30 


Medium  blue. 
3    parts. 


Light  blue. 
3    parts. 

II  :: 

40       " 
6       « 


FIG.  127. 


The  cloth,  before  being  printed  upon,  is  worked  through  a  twenty-five 

per  cent,  solution  of  glucose  and 

dried.     After  printing,  the  cloth 

must  be  again  dried  and  passed 

through    an    atmo-pheiv    of   wet 

>team,  in  an  apparatus  shown  in 

Fig.  127,  to  effect  the  reduction 

of  the   indigo  which   now  takes 

place.     Tin1  cloth  is  now  washed 

in  water,  being  repeatedly,  during 

the  washing,  exposed  to  the  air, 

when   the   rtdin-t-d    indigo  is  ox- 

idi/ed  and  its  real  color  appears. 

The  reason  for  rapidly  steaming 

is  to  act   upon   the  caustic  alkali 

while  it  is  still  in  that  state,  as  if  it 

should  become  carbonated  through 

delay    little    reduction    will    take 

place.      Thi>  method  is  employed 

in    printing    indigo   upon   ali/arin-dyed  goods  and  in  other  combinations 

with  resists,  etc. 

The  "  IMnrt-d  Imlif/o  Process"  is  based  upon  the  faet  that  indigo,  when 
finely  ground  and  mixed  with  lime  and  thiosulphate  of  soda  in  suitable  thick- 
ening agents  is  reduced, — if  with  this  reduced  indigo  paste,  patterns  are 
printed  upon  cotton  fabrics, and  then  expo-ed  to  theair,  the  indigo  isoxidi/ed 
with  a  regeneration  of  the  blue  color.  The  pieces  are  then  washed  and  dried. 

5.  Dyed  A/izfirin. — This  process  differs  from  all  those  previously  men- 
tioned in  that  the  colors  are  produced  by  first  jiriti tint/  upon  the  fabric  the 
thickened  mordants  suited  to  ali/arin,  </</>  /////,  during  which  the  mordants 
so  printed  are  decomposed  and  more  firmly  fixed  upon  the  cloth, 
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an  operation  which  removes  the  thickening  no  longer  needed,  followed  by 
a  washing,  and  then  dyeing  with  alizarin,  and,  finally,  brightening.  The 
mordants  used  for  Reds  are  generally  made  with  acetate  of  alumina,  thick- 
ened with  starch  or  flour,  and  dextrine,  while  by  the  addition  of  tin  to  such 
a  mixture  blue  shades  will  be  obtained.  For  Purples  or  Violets,  acetate  of 
iron  is  used  diluted  with  paste,  if  used  strong,  blacks  can  be  produced. 
Browns  are  obtained  with  catechu  and  copper  acetates.  Mixtures  of  the 
acetates  of  iron  and  alumina  yield  varying  shades  of  Chocolate.  Follow- 
ing the  printing  operation,  the  fabric  is  allowed  to  dry,  when  it  is  aged  by 
being  caused  to  pass  through  the  continuous  steamer;  here  the  acetates 
are  decomposed,  basic  salts  remaining  fixed  upon  the  cloth.  Formerly 
the  operation  was  conducted  in  large  rooms,  and  often  required  a  week 
to  finish ;  now  long  chambers  provided  with  a  series  of  rollers,  and  with 
requisite  means  for  steam  control,  are  used ;  it  must  be  remarked  that  colors 
obtained  upon  cloth  rapidly  aged  do  not  compare  in  fastness  with  those  ob- 
tained upon  cloth  slowly  aged.  Dunging  is  merely  a  transmission  of  the 
aged  cloth  through  solutions  of  phosphate,  arseniate,  or  silicate  of  soda, 
these  chemicals  having  displaced  the  somewhat  offensive  cow-dung  in  the 
operations  of  precipitating  the  mordant  upon  the  fibre,  and  also  to  remove 
the  thickening  and  excess  of  mordant,  after  which  the  cloth  is  well  washed 
and  then  dyed.  The  dye-bath  is  made  up  with  alizarin,  alizarin  oil,  tannin, 
etc.,  in  a  similar  manner  to  that  described  under  Dyeing  (p.  462),  after  which 
the  cloth  washed,  worked  in  alizarin  oil,  dried,  and  steamed,  then  washed 
and  soaped.  In  case  reds  have  been  dyed,  and  it  is  desirable  to  reduce 
their  tone,  "  cutting"  is  resorted  to  after  the  soaping,  by  means  of  a  solution 
of  stannic  chloride. 

Resists  are  substances  printed  upon  the  fabric  which  will  prevent  the  fix- 
ation of  color  at  those  places,  and  are  of  two  kinds,  chemical  and  mechanical ; 
the  former  are  composed  chiefly  of  citric  acid,  while  the  latter  are  made  up  of 
some  inert  substances,  such  as  pipe-clay,  beeswax,  etc.  Discharges  are  sub- 
stances printed  upon  goods,  the  whole  of  which  had  been  mordanted,  the  object 
being  to  remove  the  mordant  from  such  places  where  whites  are  to  appear, 
consequently  when  the  piece  is  dyed  only  where  the  mordant  is  intact  will 
the  cloth  be  colored ;  these  discharges  are  made  principally  with  citric  acid. 

6.  Turkey-red  Styles. — This  process  is  simply  printing  upon  cloth  which 
has  been  previously  dyed  Turkey-red  (see  p.  462)  by  means  of  discharges, 
which  may  or  may  not  be  made  so  as  to  yield  colored  patterns.     The  base 
is  citric  or  tartaric  acid,  thickened  with  a  suitable  paste,  and  if  for  colors, 
containing  a  salt  of  lead,  if  for  a  yellow  discharge,  or  ferro-prussiate  of 
potash,  for  a  blue  discharge,  or  iron  and  logwood,  for  a  black  discharge. 
After  printing  on  the  discharges,  the  goods  are  passed  through  a  bath  of 
bleaching-powder,  well  washed,  and  then,  if    lead   has   been  printed  on, 
passed  through  a  bath  of  bichromate  of  potash,  when  chrome  yellow  will 
be  produced.     If  the  prussiate  of  potash  has  been  printed,  a  blue  color 
will  be  developed.     Green  is  obtained  by  mixing  both  discharges  first. 

7.  Indigo  Styles  are  similar  to  the  above ;    resists  are  printed  on  the 
cloth,  which  is  then  dyed  in  the  vat  in  the  ordinary  manner,  when,  upon  a 
removal  of  the  resist  by  suitable  means,  white  patterns  are  had  upon  a  blue 
ground.     By  the  system  of  discharges  various  colors  may  be  put  on  by 
means  of  lead  and  other  metallic  salts.     Vermilion  is  applied  directly  with 
albumen.      For  a  discharge  which  has  to  be  afterwards  dyed  red  with 
alizarin,  bromide  of  manganese  and  an  aluminum  salt  are  used. 
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8.  Manganc*  /*>/•»,,-_<  X///A-,  m-  />'/*/,-,  >'////..  —  Tiii-  |»n»<-«—  has  fur  its  ob- 
tin-  pruilin-tiuii  uf  hydrat.-d  |M-n>\idr  uf  mail-jam-.-  IIJM.M  tilt?  fibre,  and 
the  Mih-rijUcnt  printing  uf  rulurs  l>\  in.  •an-  ..('  .11-.  liai  -•  ~.  The  goods  are 
\\(»i-kcd  in  a  solution  of  inaiiLiaiK.ii-  chlm-idr,  <lri«l,  and  \\ork.-d  in  soda  1\<  , 
\\;i~hr<l,  and  p;i—  <•<!  t  Im  >n<Ji  a  M»liiti<>n  uf  dduridr  of'  lime  until  a  l>r< 
mlnr  is  produced.  Wash,  dry,  and  tlico(,,,(u  idy  for  printing.  A 

<li-di;iroc  *«>r  while  i>  made  with  muriate  of  tin  (120°  Tw.)  ;   fur  blur,  yellow 
prussiatr  uf  pota-h  \\ith  an  or-aiiir  arid  ;   fur  yellow,  a  Irad  -alt. 
with  bichromate  of  potash,      (liven  and  black  as  in  the  previous  Mylr. 

M'nnl/fii-  <ni<l  Si/l:-i>rintin</.  —  II  W,  either  as  yarn  or  fabric,  i-  -•  ii<T;dly 
printed  with  the  tar  colors,  and  nccordiiio-  tu  the  -train  Mylr  previously  de- 
scribed. The  £oods  are  dried  after  printing,  steamed  for  one  hour,  and 
well  washed.  >'///;  is  printed  in  the  same  style  after  being  prepared  by 
suitable  agents,  such  as  tin  with  or  without  an  acid.  Previous  to  being 
printed  both  silk  and  wool  must  be  entirely  free  from  grease. 
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APPENDIX, 


I.    The  Metric  System. 

THE  French  metric  system  is  based  upon  the  idea  of  employing,  as  the 
unit  of  all  measures,  whether  of  length,  capacity,  or  weight,  a  uniform  un- 
changeable standard,  adopted  from  nature,  the  multiples  and  subdivisions 
of  which  should  follow  in  decimal  progression.  To  obtain  such  a  standard, 
the  length  of  one-fourth  part  of  the  terrestrial  meridian,  extending  from 
the  equator  to  the  pole,  was  ascertained.  The  ten-millionth  part  of  this  arc 
was  chosen  as  the  unit  of  measures  of  length,  and  was  denominated  mdr>\ 
The  cube  of  the  tenth  part  of  the  metre  was  taken  as  the  unit  of  measures 
of  capacity,  and  denominated  litre.  The  weight  of  distilled  water,  at  I'N 
greatest  density,  which  this  cube  is  capable  of  containing,  was  called  kilo- 
gramme, of  which  the  thousandth  part  was  adopted  as  the  unit  of  weight, 
under  the  name  of  gramme.  The  multiples  of  these  measures,  proceeding  in 
a  decimal  progression,  are  distinguished  by  employing  the  prefixes,  deca, 
hecto,  kihj  and  my  rid,  taken  from  the  Greek  numerals;  and  the  sub- 
divisions, following  the  same  order,  by  deci,  ceiiti,  milli,  from  the  Latin 
numerals.  Since  the  introduction  of  this  system  it  has  been  adopted  by 
the  principal  nations  of  Europe,  excepting  Great  Britain,  and  in  many  <»f 
them  its  use  is  compulsory.  It  is  in  general  use  in  France,  Germany,  Aus- 
tria, Italy,  Spain,  Norway,  Sweden,  Netherlands,  Switzerland,  Greece,  and 
British  India.  It  was  legalized  in  Great  Britain  in  180  1,  and  in  the  United 
States  by  an  act  of  Congress  in  1866. 


The  metre,  or  unit  of  length,  at  32°,    =     39.370432  inches. 

The  litre,  or  unit  of  capacity,  =     33.816  fluidounces.    U.  S. 

The  gramme,  or  unit  of  weight,  =     15.43234874  Troy  grains. 


Upon  this  basis  the  following  tables  have  been  constructed  : 


MEASURES   OF    LENGTH. 


Millimetre  (mm.) 
Centimetre  (cm.) 
Decimetre  (dm.) 
Metre  (m.) 


English  inches. 

.03937 

.39370 

3.'.' 

39.37043 


Decametre  (Dm.) 
Hectometre  (Hm.) 
Kilometre  (Km.) 
Myriametre  (Mm.) 


English  inches. 

393.70432 

3937.04320 

39370.43200 

393704.32000 

477 


478 


Millilitre  (ml.) 
Centilitre  (cl.) 
Decilitre  (dl.) 
Litre  (1.) 
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MEASURES    OF    CAPACITY. 


English  cubic  inches. 

.061028 

.610280 

6.102800 

61.028000 


Decalitre  (Dl.) 
Hectolitre  (HI.) 
Kilolitre  (Kl.) 
Myrialitre  (Ml.) 


English  cubic  inches. 

610.280000 

6102.800000 

61028.000000 

610280.000000 


MEASURES   OF   WEIGHT. 


Milligramme  (mg.)  = 

Centigramme  (eg.)  = 

Decigramme  (dg.)  = 

Gramme  (gm.)  =• 


Troy  grains. 

.0154 

.1543 

1.5432 

15.4323 


Decagramme  (Dg.)  = 
Hectogramme  (Hg.)  = 
Kilogramme  (Kg.)  = 
Myriagramme  (Mg.)  = 


Troy  grains. 

154.3234 

1543.2348 

15432.3487 

154323.4874 


Value  of  Avoirdupois  Weights  and  Imperial  Measures,  in  Metric  Weights  and 
Measures,  as  stated  in  the  British  Pharmacopoeia. 


Avoirdupois  weights.  Metric  weights. 

1  pound        =  453.5925  grammes. 

1  ounce        =  28.3495         " 

1  grain         =  0.0648        " 


Imperial  measures. 

1  gallon 

1  pint 

1  fluidounce 

1  fluidrachm 

1  minim 


Metric  measures. 

4.543487  litres. 
0.567936     " 
0.028396     " 
0.003549     « 
0.000059     " 


Tables  for  Determination  of  Temperature. 


RELATIONS  BETWEEN  THERMOMETERS. 

In  Fahrenheit's  thermometer,  the  freezing-point  of  water  is  placed  at 
32°,  and  the  boiling-point  at  212°,  and  the  number  of  intervening  degrees 
is  180. 

The  Centigrade  or  Celsius's  thermometer,  which  is  now  recognized  in 
the  U.  S.  Pharmacopoeia  and  has  been  adopted  generally  by  scientists,  marks 
the  freezing-point  zero,  and  the  boiling-point  100°. 

From  the  above  statement,  it  is  evident  that  180  degrees  of  Fahrenheit 
are  equal  to  100°  of  the  Centigrade,  or  one  degree  of  the  first  is  equal  to 
|  of  a  degree  of  the  second.  It  is  easy,  therefore,  to  convert  the  degrees  of 
one  into  the  equivalent  number  of  degrees  of  the  other ;  but  in  ascertaining 
the  corresponding  points  upon  the  different  scales,  it  is  necessary  to  take  into 
consideration  their  different  modes  of  graduation.  Thus,  as  the  zero  of 
Fahrenheit  is  32°  below  the  point  at  which  that  of  the  Centigrade  is  placed, 
this  number  must  be  taken  into  account  in  the  calculation. 

1 .  If  any  degree  on  the  Centigrade  scale,  either  above  or  below  zero,  be 
multiplied  by  1.8,  the  result  will,  in  either  case,  be  the  number  of  degrees 
above  or  below  32°,  or  the  freezing-point  of  Fahrenheit. 

2.  The  number  of  degrees  between  any  point  of  Fahrenheit's  scale  and 
32°,  if  divided  by  1.8,  will  give  the  corresponding  point  on  the  Centigrade. 
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THERMOMETRIC  EQUIVALENTS. 

ACCORDING  TO  THE  CENTIGRADE  AM.  FAIIKKMIBII  s< -ALBS. 


0.° 

F.° 

0.° 

F.° 

0° 

F.o 

0.° 

F.° 

0.° 

F°. 

—39.4 

—89 

-17.2 

1 

5 

41 

27.S 

61 

If] 

—38.2 

—17 

1.4 

5.5 

12 

27.7 

82 

L32 

—38.8 

_:>,s 

—  10.6 

2 

6 

42.8 

50.6 

—38.3 

—37 

—16.1 

3 

6.1 

43 

88 

:,1 

128.8 

-38 

—36.4 

—16 

3.2 

6.6 

14 

84 

51.1 

124 

—36 

—15.5 

4 

7 

44.6 

84.2 

51.6 

L26 

—37.2 

—35 

—15 

5 

7.2 

I  , 

86 

62 

126.6 

—37 

—14.4 

6 

7.7 

46 

30 

86 

62.2 

126 

—  3*;.  «; 

—34 

—14 

6.8 

8 

46.4 

80.6 

87 

52.7 

127 

—33 

—13.8 

7 

8.3 

47 

::l 

87.8 

63 

127.4 

—36 

-32.8 

—13.3 

8 

8.8 

48 

31.1 

88 

68.3 

128 

—35.5 

—  =52 

—18 

&6 

9. 

48.2 

89 

68.8 

129 

—35 

—31 

—12.7 

9 

9.4 

49 

80.6 

64 

L29.2 

—  :I4.4 

-30 

—  12.2 

10 

10 

50 

90 

:,4.4 

130 

—34 

—29.2 

—12 

10.4 

10.5 

51 

91 

66 

181 

—33.8 

—29 

—11.6 

11 

11 

51.8 

91.4 

182 

—33.3 

—28 

—11.1 

12 

11.1 

52 

33.3 

'.'•_' 

66 

132.8 

—27.4 

—11 

12.2 

11.6 

53 

33.8 

93 

66.1 

—32.7 

—27 

—10.5 

18 

12 

63.6 

34 

66.6 

—82.2 

—26 

—10 

14 

12.2 

54 

34.4 

94 

57 

134.6 

—82 

—25.6 

—9.4 

15 

12.7 

55 

35 

95 

67.2 

135 

—31.6 

—25 

—  <» 

15.8 

13 

65.4 

35.5 

96 

:.7.7 

136 

—31.1 

—24 

—8.8 

16 

13.3 

66 

36 

96.8 

68 

—31 

—23.8 

—8.3 

17 

13.8 

57 

"7 

137 

—23 

—8 

17.6 

14 

67.2 

36.6 

98 

138 

—30 

—22 

—7.7 

18 

14.4 

68 

37 

98.6 

69 

138.2 

—21 

—7.2 

19 

15 

59 

37.2 

99 

59.4 

1*9 

—  21) 

—20.2 

—7 

19.4 

15.5 

60 

37.7 

100 

60 

140 

—28.8 

—20 

—6.6 

20 

16 

60.8 

38 

100.4 

60.5 

141 

—28.3 

—19 

—6.1 

21 

16.1 

61 

38.3 

101 

61 

141.8 

—28 

—18.4 

—6 

21.2 

16.6 

62 

38.8 

102 

61.1 

142 

—27.7 

—18 

—5.5 

22 

17 

62.6 

39 

102.2 

61.6 

1  I:1, 

—27.2 

—17 

—5 

23 

17.2 

63 

39.4 

103 

62 

143.6 

—27 

—16.6 

—4.4 

24 

17.7 

64 

40 

104 

L44 

—26.6 

—16 

—4 

24.8 

18 

64.4 

K).fi 

105 

145 

—26.1 

—15 

—3.8 

26 

18.3 

65 

41 

105.8 

63 

1  J.-..1 

—26 

—14.8 

—3.3 

26 

18.8 

66 

41.1 

106 

63.3         14«; 

—14 

—3 

26.6 

19 

66.2 

41.8 

107 

63.8 

1  17 

—26 

—13 

—2.7 

27 

19.4 

67 

42 

107.') 

64 

147.2 

—24.4 

—12 

—2.2 

28 

20 

68 

42.2 

108 

•  l  1 

148 

—24 

—11.2 

—2 

28.4 

20.5 

68 

12.7 

109 

65 

1  l'< 

—23.8 

—11 

—1.6 

29 

21 

160 

—10 

—1.1 

30 

21.1 

70 

43.3 

110 

66 

150.8 

—2:l 

—9.4 

—1 

30.2 

21.6 

71 

111 

151 

—22.7 

—9 

—0.5 

31 

22 

71.6 

N 

111.2 

66.6 

1  62 

-22.2 

—8 

0 

32 

22.2 

72 

44.4 

112 

67 

152.6 

—22 

—7.6 

0.5 

33 

22.7 

73 

45 

113 

67.2 

153 

—21.8 

—7 

1 

33.8 

7.:  I 

45.5 

114 

67.7 

164 

—21.1 

—6 

1.1 

34 

23.3 

74 

46 

114.8 

68 

164.4 

—21 

—5.8 

1.6 

35 

28.8 

7.'. 

46.1 

li:, 

68.8 

155 

—20.5 

—  .-> 

2 

35.6 

24 

75.2 

46.6 

L16 

68.8 

166 

—20 

—4 

2.2 

36 

24.4 

76 

47 

116.6 

69 

166.2 

19.4 

—3 

2.7 

25 

77 

47.2 

117 

69.4 

157 

—19 

-2.2 

3 

37.4 

25.5 

78 

17  7 

118 

70 

158 

—18.8 

—2 

3.3 

26 

78.8 

48 

118.4 

70.5 

159 

—18.3 

—  1 

3.8 

39 

26.1 

48.8 

119 

71 

159.8 

—18 

—0.4 

4. 

39.2 

26.6 

80 

48.8 

120 

71.1 

160 

—17.7 

0 

1.4 

40 

27 

80.6 

49 

120.2 

n.6 

161    . 
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Thermometric  Equivalents. — Conti n ued. 


i 

o 

o 

c.° 

F.° 

C.° 

F.° 

F.° 

C.° 

F.° 

C.° 

F.° 

72 

161.6 

95.5 

204 

118.8 

246 

142.2 

288 

166 

330.8 

72.2 

162 

96 

204.8 

119 

246.2 

142.7 

289 

166.1 

331 

72.7 

163 

96.1 

205 

119.4 

247 

143 

289.4 

166.6 

332 

73 

163.4 

96.6 

206 

120 

248 

143.3 

290 

167 

332.6 

73.3 

164 

97 

206.6 

120.5 

249 

143.8 

291 

167.2 

333 

73.8 

165 

97.2 

207 

121 

249.  3 

144 

291.2 

167.7 

334 

74 

165.2 

97.7 

208 

121.1 

250 

144.4 

292 

168 

334.4 

74.4 

166 

98 

208.4 

121.6 

251 

145 

293 

168.3 

335 

75 

167 

98.3 

209 

122 

251.6 

145.5 

294 

168.8 

336 

75.5 

168 

98.8 

210 

122.2 

252 

146 

294.8 

169 

336.2 

76  * 

168.8 

99 

210.2 

122.7 

253 

146.1 

295 

169.4 

337 

76.1 

169 

99.4 

211 

123 

253.4 

146.6 

296 

170 

338 

76.6 

170 

100 

212 

123.3 

254 

147 

296.6 

170.5 

339 

77 

170.6 

I  100.5 

213 

123.8 

255 

147.2 

297 

171 

339.8 

77.2 

171 

101 

213.8 

124 

255.2 

147.7 

298 

171.1   340 

77.7 

172 

101.1 

214 

124.4 

256 

148 

298.4 

171-6 

341 

78 

172.4 

101.6 

215 

125 

257 

148.3 

299 

172 

341.6 

78.3 

173 

102 

215.6 

125.5 

258 

148.8 

300 

172.2 

342 

78.8 

174 

102.2 

216 

126 

258.8 

149 

300.2 

172.7 

343 

79 

174.2 

102.7 

217 

126.1 

259 

149.4 

301 

173 

343.4 

79.4 

175 

103 

217.4 

126.6 

260 

150 

302 

173.3 

344 

80 

176 

103.3 

218 

127 

260.6 

150.5 

303 

173.8 

345 

80.5 

177 

103.8 

219 

127.2 

261 

151 

303.8 

174 

345.2 

81 

177.8 

104 

219.2 

127.7 

262 

151.1 

304 

174.4 

346 

81.1 

178 

104.4 

220 

128 

262.4 

151.6 

305 

175 

347 

81.6 

179 

105 

221 

128.3 

263 

152 

305.6 

175.5 

348 

82 

179.6 

105.5 

222 

1-28.8 

264 

152.2 

306 

176 

348.8 

82.2 

180 

106 

222.8 

129 

264.2 

152.7 

307 

176.1 

349 

82.7 

181 

106.1 

223 

129.4 

265 

153 

307.4 

176.6 

350 

83 

181.4 

106.6 

224 

130 

266 

153.3 

308 

177 

350.6 

83.3 

182 

107 

224.6 

130.5 

267 

153.8 

309 

177.2 

351 

83.8 

183 

107.2 

225 

131 

267.8 

154 

309.2 

177.7 

352 

84 

183.2 

107.7 

226 

131.1 

268 

154.4 

310 

178 

352.4 

84.4 

184 

108 

226.4 

131.6 

269 

155 

311 

178.3 

353 

85 

185 

108.3 

227 

132 

269.6 

155.5 

312 

178.8 

354 

85.5 

186 

108.8 

228 

132.2 

270 

156 

312.8 

179 

354.2 

86 

186.8 

109 

228.2 

132.7 

271 

156.1 

313 

179.4 

355 

86.1 

187 

109.4 

229 

133 

271.4 

156.6 

314 

180 

356 

86.6 

188 

110 

230 

133.3 

272 

157 

314.6 

180.5 

357 

87 

188.6 

110.5 

231 

133.8 

273 

157.2 

315 

181 

357.8 

87.2 

189 

111 

231.8 

134 

273.2 

157.7 

316 

181.1 

358 

87.7 

190 

111.1 

232 

134.4 

274 

158 

316.4 

181.6 

359 

88 

190.4 

111.6 

233 

135 

275 

158.3 

317 

182 

359.6 

88.3 

191 

112 

233.6 

135.5 

276 

158.8 

318 

182.2 

360 

88.8 

192 

112.2 

234 

136 

276.8 

159 

318.2 

182.7 

361 

89 

192.2 

112.7 

235 

136.1 

277 

159.4 

319 

183 

361.4 

89.4 

193 

113 

235.4 

136.6 

278 

160 

320 

183.3 

362 

90 

194 

113.3 

236 

137 

278.6 

160.5 

321 

183.8 

363 

90.5 

195 

113.8 

237 

137.2 

279 

161 

321.8 

184 

363.2 

91 

195.8 

114 

237.2 

137.7 

280 

161.1 

322 

184.4 

364 

91.1 

196 

114.4 

238 

138 

280.4 

161.6 

323 

185 

365 

91.6 

197 

115 

239 

138.3 

281 

162 

323.6 

185.5 

366 

92 

197.6 

115.5 

240 

138.8 

282 

162.2 

324 

186 

366.8 

92.2 

198 

116 

240.8 

139 

282.2 

162.7 

325 

186.1 

367 

92.7 

199 

116.1 

241 

139.4 

283 

163 

325.4 

186.6 

368 

93 

199.4 

116.6 

242 

140 

284 

163.3 

326 

187 

368.6 

93.3 

200 

117 

242.6 

140.5 

285 

163.8 

327 

187.2 

369 

93.8 

201 

117.2 

243 

141 

285.8 

164 

327.2 

187.7 

370 

94 

201.2 

117.7 

244 

141.1 

286 

164.4 

328 

188 

370.4 

94.4 

202 

118 

244.4 

141.6 

287 

165 

329 

188.3 

371 

95 

203 

118.3 

245 

142 

287.6 

165.5 

330 

188.8 

372 
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c.° 

F.° 

0.° 

Fo 

0.° 

F.o 

O.° 

F.° 

0.° 

F.° 

189 

872.2 

211.6 

116 

288.8 

266.1 

UM 

278.8 

588 

189.4 

:;::; 

212 

234 

266.6 

278  - 

684 

190 

:;:i 

212.2 

414 

1  ,! 

494.6 

212.7 

•I  1  6 

267.2 

496 

191 

375.8 

218 

415.4 

466 

267.7 

196 

191.1 

218.3 

416 

286 

466.8 

268 

I'M,      1 

L91.6 

:;:: 

218.8 

417 

457 

687.8 

L92 

214 

417.1' 

236.6 

168 

688 

192.2 

214.4 

418 

287 

468.6 

498.2 

281  6 

:,.,'. 

192.7 

216 

419 

287.2 

282 

689.6 

19  ; 

879.4 

216.6 

IL'O 

600 

640 

216 

120  B 

160  i 

641 

881 

216.1 

fJl 

161 

861 

601.8 

641.4 

L94 

216.6 

422 

261.1 

194.4 

882 

217 

422.6 

462.2 

261.6 

195 

883 

217.2 

i-j: 

195.5 

217.7 

424 

240 

I'.l 

504 

196 

384.8 

218 

IL'1.1 

240.6 

262.7 

605 

196.1 

218.3 

241 

218.8 

126 

241.1 

286 

646.8 

L97 

219 

B6.2 

241.6 

467 

.-,117 

197.2 

887 

219,4 

427 

242 

264 

607.2 

197.7 

388 

220 

428 

242.2 

508 

•Ms,; 

198 

388.4 

220.5 

429 

242.7 

266 

287.2 

649 

221 

429.8 

243 

409,1 

510 

287.7 

660 

390 

221.1 

l.:o 

248.8 

170 

510.8 

288 

199 

890.2 

221.6 

431 

248.8 

171 

511 

288.3 

661 

391 

222 

481.6 

244 

471.2 

512 

288.8 

•_•<  i  . 

892 

222.2 

182 

L>  1  1   1 

472 

612.6 

289 

200.5 

898 

222.7 

I.;  ; 

246 

473 

267.2 

613 

289.4 

201 

393.8 

228 

433.4 

246.6 

474 

267.7 

614 

290 

201.1 

\-;\ 

246 

474.8 

268 

614.4 

666 

201.6 

395 

486 

246.1 

475 

515 

291 

6664 

202 

896.6 

•J-J  1 

486.2 

246.6 

476 

516 

291.1 

656 

302.2 

3% 

224.4 

466 

87 

476.6 

616.2 

657 

202.7 

397 

226 

437 

247.2 

477 

517 

667.6 

208 

897.4 

226.6 

438 

247.7 

478 

270 

518 

668 

398 

226 

438.8 

248 

17-,  1 

270.5 

519 

659 

203.8 

399 

L'LV,.  1 

439 

248.8 

479 

271 

619.8 

293 

659.4 

204 

399.2 

226.6 

440 

248.8 

480 

271.1 

620 

660 

-{(Ml 

L'27 

440.6 

249 

4  SOL' 

271.6 

621 

561 

205 

401 

227.2 

441 

249.4 

481 

272 

621.6 

r>«;i.  i> 

205.5 

402 

227.7 

442 

250 

272.2 

622 

662 

206 

402.8 

228 

142.4 

250.5 

272.7 

403 

228.3 

443 

251 

488.8 

628.4 

206.6 

404 

228.8 

144 

251.1 

484 

524 

296 

564.8 

404.6 

229 

444.2 

251.6 

186 

296.1 

666 

207.2 

405 

229,  l 

44:. 

252 

486.6 

274 

626.2 

296.6 

666 

207.7 

406 

280 

146 

262.2 

186 

526 

297 

666.6 

208 

tit-;.} 

230.5 

447 

262.7 

487 

276 

297.2 

667 

208.8 

407 

281 

447.8 

1-7  1 

276.6 

528 

668 

208.8 

231.1 

448 

488 

276 

528.8 

298 

408.2 

281  8 

446 

489 

276.1 

298.3 

669 

209.4 

409 

282 

449  'i 

489.2 

276.6 

630 

298.8 

670 

210 

410 

232.2 

i  0 

254.4 

490 

277 

680.6 

299 

670.2 

210.5 

411 

232.7 

451 

266 

491 

277.2 

631 

299.4 

671  . 

I'll 

411.8 

461.4 

255.5 

277.7 

682 

800 

572 

211.1 

412 

i  m» 

278 

632.4 

31 
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IE.   Specific  Gravity  Tables. 
1.  Beaumtfs  Scale  for  Liquids  Lighter  than  Water. 

The  following  table  is  calculated  for  a  temperature  of  17.5°  C.  (63.5°  F.), 
and  is  based  on  the  formulas  ^  n  ,   „      =  specific  gravity  and 


— 130  = 


B.°+130 


specific  gravity 


Degree 
Baume. 

Specific 
gravity. 

Degree 
Baume. 

Specific 
gravity. 

Degree 
Baume". 

Specific 
gravity. 

Degree 
Baume. 

Specific 
gravity. 

10 

1.0000 

33 

0.8588 

56 

0.7526 

79 

0.6698 

11 

0.9929 

34 

0.8536 

57 

0.7486 

80 

0.6666 

12 

0.9859 

35 

0.8484 

58 

0.7446 

81 

0.6635 

13 

0.9790 

36 

0.8433 

69 

0.7407 

82 

0.6604 

14 

0.9722 

37 

0.8383 

60 

0.7368 

83 

0.6573 

15 

0.9655 

38 

0.8333 

61 

0.7329 

84 

0.6542 

16 

0.9589 

39 

0.8284 

62           0.7290 

85 

0.6511 

17 

0.9523 

40 

0.8235 

63 

0.7253 

86 

0.6482 

18 

0.9459 

41 

0.8187 

64 

0.7216 

87 

0.6452 

19 

0.9395 

42 

0.8139 

65 

0.7179 

88 

0.6422 

20 

0.9333 

43 

0.8092 

66 

0.7142 

89 

0.6393 

21 

0.9271 

44 

0.8045 

67 

0.7106 

90 

0.6363 

22 

0.9210 

45 

0.8000 

68 

0.7070 

91 

0.6335 

23 

0.9150 

46 

0.7954 

69 

0.7035 

92 

0.6306 

24 

0.9090 

47 

0.7909 

70 

0.7000 

93 

0.6278 

25 

0.9032 

48 

0.7865 

71 

0.6965 

94 

0.6250 

26 

0.8974 

49 

0.7821 

72 

0.6931 

95 

0.6222 

27 

0.8917 

50 

0.7777 

73 

0.6896 

96 

0.6195 

28 

0.8860 

51 

0.7734 

74 

0.6863 

97 

0.6167 

29 

0.8805 

52 

0.7692 

75 

0.6829 

98 

0.6140 

30 

0.8750 

53 

0.7650 

76 

0.6796 

99 

0.6113 

31 

0.8695 

54 

0.7608 

77 

0.6763 

100 

0.6087 

32 

0.8641 

55 

0.7567 

78 

0.6731 

I 

The  coefficient  of  expansion  of  petroleum  oils  for  increase  or  decrease  of 
1°  C.  in  temperature  has  been  determined  for  both  Russian  and  American 
oils.  For  the  latter  the  following  figures  have  been  given  (Iron  Age,  xxxviii. 
No.  7) : 


Specific  gravity 
at  15°  C.  (59°  F.). 


Coefficient  of 
"(59°  F.).  expansion  for  1°  C. 

Under  0.700 0.00090 

0.700  to  0.750 0.00085 

0.750  to  0.800 0.000550 

0.800  to  0.815 0.00070 

Over  0.815  .                                                                                               .  0.00065 


As  stated  in  the  text  (p.  33),  it  is  customary  in  practice  to  take  as  the 
coefficient  of  expansion  0.004  for  every  10°  F.  (0.00072  for  1°  C.). 
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4  S3 


2. 


<iml    /;.r/;'x 


for 


//«Y/r/</-  f/nni 


Degrees. 

Baum£  , 
17.:. 

Rational 
Baum4 

C. 

Beck, 
12.5°  6. 

I 

Baume. 
C. 

national 

Btok. 

12.5°  C. 

Sp.  gr. 

UT. 

Sp.  Kr. 

8p.gr. 

g 

8p.gr. 

0 

1.0000 

Xti 

!S 

37 

147 

1  .'J 

1 

L0068 

.0069 

.0059 

38 

1  -I 

l.« 

2 

1.0138 

.0140 

.0119 

39 

619 

177 

3 

1.0208 

.0211' 

.0180 

40 

.:: 

.8C 

1.8077 

4 

1.0280 

.0285 

.0241 

41 

.3876 

.89 

1.3178 

5 

1.0353 

.0358 

.0303 

42 

4009 

.4106 

1.3281 

6 

.0426 

.0484 

.0366 

43 

.n  I.; 

.4244 

186 

7 

.0501 

.0509 

.04L".) 

44 

.4281 

1386 

1  :5492 

8 

.0576 

.0667 

.0494 

45 

.4421 

.4681 

1.3600 

9 

.0653 

.0666 

.0559 

46 

.4 

.  l')78 

1.3710 

10 

.0731 

.074.-. 

.0626 

47 

.4710 

.4828 

1.3821 

11 

.0810 

.0626 

.06 

48 

.4860 

.4084 

1.89 

12 

1.0s  ••" 

.0907 

.0759 

49 

.5012 

.5141 

1.4050 

18 

1.0972 

1.0990 

.0828 

60 

.5it;7 

..-.301 

1.8167 

14 

1.1054 

1.1074 

.0897 

51 

.6325 

.'>; 

1.4286 

15 

1.1138 

1.1160 

.0968 

52 

.5487 

..v 

1.4407 

16 

1.1224 

.1247 

.1031 

63 

.6662 

.66 

1  1530 

17 

1.1310 

.1335 

.1119 

64 

.5820 

.5978 

1.4655 

18 

1.1308 

.1425 

.1184 

55 

.6993 

.6168 

1.4783 

19 

.1487 

.1516 

.1258 

66 

.6169 

,6842 

1.4912 

20 

.1678 

.1608 

.1333 

57 

.6349 

.6629 

1.50  H 

21 

.1670 

.1702 

.1409 

58 

.<;.-> 

.6720 

1.5179 

22 

.1763 

.1798 

.1486 

59 

.67'J1 

.6916 

1.5315 

23 

.1858 

.1890 

.1666 

60 

.6914 

.7116 

1  54::  J 

24 

.1955 

.1994 

.1644 

61 

.7111 

.7322 

1.5596 

26 

.2053 

.20!*.-. 

.1724 

62 

.7313 

.7 

1.6741 

26 

.'J153 

.2198 

.1806 

63 

.7520 

.7748 

1.5888 

27 

.2254 

.2301 

.1888 

64 

.7731 

.79 

1.6038 

28 

.2357 

5407 

.1972 

65 

.7948 

M95 

1.6190 

29 

.2462 

.2515 

.2057 

66 

.8171 

.8428 

',46 

30 

.2569 

.2624 

.2143 

67 

.8398 

.839 

81 

.2677 

.2736 

.2230 

68 

.8* 

ft  l 

1.6667 

32 

.2788 

.2849 

.2319 

69 

1.8871 

.ss.-, 

1.66 
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What  is  known  as  the  "Rational"  Baume  scale  is  ralnilatcd  hy  taking 
water  at  the  temperature  chosen  at  0°  B.  and  sulphuric  acid  of  1.842 

144  '$ 

specific  gravity  at  66°  B.  and  using  the  formula    •  —  0=d.     (See 

1 44. «5  —  n 

Lunge's  "  Sulphuric  Acid  and  Alkali,"  vol.  i.  p.  20.) 
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3.  Twaddle's  Scale  for  Liquids  Heavier  than  Water. 
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The  uniform  division  of  the  Twaddle  scale  makes  the  degrees  very 
easily  convertible  into  specific  gravity  readings.  It  is  only  necessary  to 
multiply  the  degree  as  read  off  by  five  and  add  this  to  1.000  in  order  to 
obtain  the  specific  gravity. 

Again,  as  the  gallon  of  distilled  water  at  ordinary  temperatures  weighs 
ten  pounds  avoirdupois,  it  is  possible  to  determine  the  weight  of  a  gallon 
of  an  acid  or  lye  by  the  aid  of  the  Twaddle  scale.  Thus,  if  an  acid  shows 
50°  Twaddle,  corresponding  to  the  specific  gravity  1.250,  it  weighs  twelve 
and  a  half  pounds  per  gallons.  Or,  as  a  litre  of  distilled  water  weighs  one 
thousand  grammes,  a  litre  of  a  liquid  showing  20°  Twaddle  will  weigh 
eleven  hundred  grammes. 
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4.   Comparison  of  the  Ticaddle  Scale  with  the  Rational  Baum6  Scale. 
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5.   Comparison  of  Gay-Lussac  Scale  with  Absolute  Specific  Gravity  Figures. 
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2.6J 

9.6 

6,  1  1 

14.6 

.05960 

8.26 

1.7 

101850 

9.7 

1.03889 

5.50 

14.7 

,06008 

8.31 

4.8 

1.01890 

•_'  7J 

9.8 

1.03931 

14.8 

00047 

8.37 

4.9 

1.01930 

2.78 

9.9 

:,  ;l 

14.9 

1  00090 

8.43 
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Comparison  between  Specific  Gravity  Figures,  Degree  Bourne  and  Degree 

Brix. — Continued. 


Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

<j 

«! 

Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

1 

j! 

Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

— 
*1 

15.0 

1.06133 

8.48 

20.0 

1.08329 

11.29 

25.0 

1.10607 

14.08 

15.1 

1.06176 

8.54 

20.1 

1.08374 

11.34 

25.1 

1.10653 

14.13  ! 

15.2 

1.06219 

8.59 

20.2 

1.08419 

11.40 

25.2 

1.10700 

14.19 

15.3 

1.06262 

8.65 

20.3 

1.08464 

11.45 

25.3 

1.10746 

14.24 

15.4 

1.06306 

8.71 

20.4 

1.08509 

11.51 

25.4 

1.10793 

14.30 

15.5 

1.06349 

8.76 

20.5 

1.08553 

11  57 

25.5 

1.10839 

14.35  i 

15.6 

1.06392 

8.82 

20.6 

1.08599 

11.62 

25.6 

1.10886 

14.41 

15.7 

1.06436 

8.88 

20.7 

1.08643 

11.68 

25.7 

1.10932 

14.47 

15.8 

1.06479 

8.93 

20.8 

1.08688 

11.73 

25.8 

1.10979 

14.52 

15.9 

1.06522 

8.99 

20.9 

1.08733 

11.79 

25.9 

1.11026 

14.58 

16.0 

1.06566 

9.04 

21.0 

.08778 

11.85 

26.0 

1.11072 

14.63 

16.1 

1.06609 

9.10 

21.1 

.08824 

11.90 

26.1 

1.11119 

14.69 

16.2 

1.06653 

9.16 

21.2 

.08869 

11.96 

26.2 

1.11166 

14.74 

16.3 

1.06696 

9.21 

21.3 

.08914 

12.01 

26.3 

1.11213 

14.80 

16.4 

1.06740 

9.27 

21.4 

.08959 

12.07 

26.4 

1.11259 

14.85 

16.5 

1.06783 

9.33 

21.5 

.09004 

12.13 

26.5 

1.11306 

14.91 

16.6 

1.06827 

9.38 

21.6 

.09049 

12.18 

26.6 

.11353 

14.97 

16.7 

1.06871 

9.44 

21.7 

.09095 

12.24 

26.7 

.11400 

15.02 

16.8 

1.06914 

9.49 

21.8 

.09140 

12.29 

26.8 

.11447 

15.08 

16.9 

1.06958 

9.55 

21.9 

.09185 

12.35 

26.9 

.11494 

15.13 

17.0 

1.07002 

9.61 

22.0 

1.09231 

12.40 

27.0 

.11541 

15.19 

17.1 

.07046 

9.66 

22.1 

.09276 

12.46 

27.1 

.11588 

15.24 

17.2 

.07090 

9.72 

22.2 

.09321 

12.52 

27.2 

.11635 

15.30 

17.3 

.07133 

9.77 

22.3 

.09367 

12.57 

27.3 

.11682 

15.35 

17.4 

.07177 

9.83 

22.4 

.09412 

12.63 

27.4 

.11729 

15.41 

17.5 

.07221 

9.89 

22.5 

.09458 

12.68 

27.5 

.11776 

15.46 

17.6 

.07265 

9.94 

22.6 

.09503 

12.74 

27.6 

.11824 

15.52 

17.7 

.07309 

10.00 

22.7 

.09549 

12.80 

27.7 

.11871 

15.58 

17.8 

.07358 

10.06 

22.8 

.09595 

12.85 

27.8 

.11918 

15.63 

17.9 

.07397 

10.11 

22.9 

1.09640 

12.91 

27.9 

.11965 

15.69 

18.0 

1.07441 

10.17 

23.0 

.09686 

12.96 

28.0 

.12013 

15.74 

18.1 

1.07485 

10.22 

23.1 

.09732 

13.02 

28.1 

.12060 

15.80 

18.2 

1.07530 

10.28 

23.2 

.09777 

13.07 

28.2 

.12107 

15.85 

18.3 

1.07574 

10.33 

23.3 

.09823 

13.13 

28.3 

.12155 

15.91 

18.4 

1.07618 

10.39 

23.4 

.09869 

13.19 

28.4 

1.12202 

15.96 

18.5 

1  07662 

10.45 

23.5 

.09915 

13.24 

28.5 

1.12250 

16.02 

18.6 

1.07706 

10.50 

23.6 

1.09961 

13.30 

28.6 

1.12297 

16.07 

18.7 

1.07751 

10.56 

23.7 

1.10007 

13.35 

28.7 

1.12345 

16.13 

18.8 

1.07795 

10.62 

23.8 

1.10053 

13.41 

28.8 

1.12393 

16.18 

18.9 

1.07839 

10.67 

23.9 

1.10099 

13.46 

28.9 

1.12440 

16.24 

19.0 

1.07884 

10.73 

24.0 

1.10145 

13.52 

29.0 

1.12488 

16.30 

19.1 

1.07928 

10.78 

24.1 

.10191 

13.58 

29.1 

1.12536 

16.35 

19.2 

1.07973 

10.84 

24.2 

1.10237 

13.63 

29.2 

1.12583 

16.41 

19.3 

1.08017 

10.90 

24.3 

.10283 

13.69 

29.3 

.12631 

16.46 

19.4 

1.08062 

10.95 

24.4 

.10329 

13.74 

29.4 

.12679 

16.52 

19.5 

1.08106 

11.01 

24.5 

.10375 

13.80 

29.5 

.12727 

16.57 

19.6 

1.08151 

11.06 

24.6 

.10421 

13.85 

29.6 

.12775 

16.63 

19.7 

1.08196 

11.12 

24.7 

.10468 

13.91 

29.7 

.12823 

16.68 

19.8 

1.08240 

11.18 

24.8 

1.10514 

13.96 

29.8 

.12871 

16.74 

19.9 

1.0S285 

11.27 

24.9 

1.10560 

14.02 

29.9 

.12919 

16.79 

APPKMHX. 


between  > 


<nnt 
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ree 


/;/•;./-.  —  (  'mm  mi.  •<!. 


:ir  ue- 

ML;  tu 

Balllu 

Kriiviiy. 

ii 

i3 

1-i.r-liiiK  t<> 
Hulling  ur 

Specific 

Kruviiy. 

ivro-nta,:,- 

.i  rani  ifr 

:<!,'  to 
I'.iillnm  <>r 

Specific 
parity. 

fl 

80.0          1.1  . 

85.0 

1.16411 

19.60 

40.0 

1.17948 

22.38 

30.1          1.1 

1.16461 

19.66 

KM 

1  13068 

1.16611 

19.71 

10.2 

1.18046 

22.44 

30.3 

1.18111 

17.01 

1.18159 

17.  "i7 

1.16611 

40.4 

1.18160 

30.5 

1.18207 

17.12 

1.16661 

40.5 

1.18201 

22.60 

I.132.V>      17.18 

86.6 

1.15710 

19.98 

40.6 

::i).7          1.13304 

17.28 

86.7 

1.16760 

19.98 

40.7 

22.71 

30.8 

35.8 

1.16810 

20.04 

10.8 

22.77 

30.9 

1.18400 

17.3.-, 

85.9 

90.09 

40.9 

1.18408 

31.0 

1.13449 

17.40 

36.0 

1.16911 

20.15 

41.0 

22.87 

81.1 

1.13497 

17.46 

86.1 

1.16961 

20.20 

41.1 

1.18612 

81.2 

1.18546 

17.--.  I 

36.2 

1.16011 

20.2.; 

41.2 

1.18564 

22.98 

31.3 

1.13594 

17.67 

1.16061 

20.31 

41.3 

1.18618 

81.4 

1.13642 

17.  ''.2 

1.16111 

20.37 

41.4 

23.09 

81.6 

1.18691 

17.68 

86.6 

1.16162 

20.42 

41.5 

1.18720 

28.16 

31.6 

1.18740 

17.73 

1.16212 

20.48 

41.6 

1.18772 

31.7          1.13788 

17.79 

36.7 

1.16262 

20.53 

41.7 

1.18824 

28.26 

31.8          1.13837 

17.84 

36.8 

1.16818 

20.69 

41.8 

1.18887 

23.31 

31.9         1.13885 

17.90 

36.9 

1.16363 

20.64 

41.9 

1.18929 

32.0 

1.13934 

17.95 

37.0 

1.16413 

20.70 

42.0 

1.18981 

23.42 

32.1          1.13983 

18.01 

37.1 

1.16464 

20.76 

42.1 

1.19088 

23.47 

82.2 

1.14032 

18.06 

37.2 

1.16514 

20.80 

42.2 

1.19086 

23.52 

1.14081 

18.12 

37.3 

1.16565 

20.86 

42.3 

1.19188 

23.58 

1.14129 

18.17 

87.4 

1.16616 

20.91 

42.4 

1.19190 

1.14178 

18.23 

37.5 

1.16666 

20.97 

42.5 

1.19248 

32.U          1.14227 

is.  IN 

37.6 

1.16717 

21.02 

42.6 

1.19296 

28.74 

82.7           1.1427'1. 

18.34 

37.7 

1.16768 

21.08 

42.7 

1.19848 

32.8 

1.1432--) 

18.39 

37.8 

1.16818 

21.13 

42.8 

1.19400 

32.9 

1.14874 

18.45 

37.9 

21.19 

42.9 

1.19468 

28.90 

83.0          1.14423 

18.50 

38.0 

1.16920 

21.24 

43.0 

23.96 

33.1          1.14172 

is.:>6 

38.1 

1.16971 

21.30 

43.1 

24.01 

33.2          1.1  4-  VJl 

18.01 

:;S.L> 

1.17022 

21.35 

43.2 

1.19611 

24.07 

33.3 

1.14670 

18.67 

38.3 

1.17072 

21.40 

43.3 

1.19663 

24.12 

33.4 

1.14620 

is.  72 

::s.  1 

1.171  22 

21.46 

4  :  ! 

1.19716 

24.17 

33.5 

1.14669 

18.78 

38.5 

1.17174 

21.61 

1.19769 

33.6          1.1171* 

18.83 

38.6 

1.17226 

21.67 

24.28 

33.7 

1.14767 

18.89 

38.7 

1.17276 

21.62 

43.7 

24.84 

33.8 

1.1  HIT 

18.94 

38.8 

1.17827 

21.48 

43.8 

24.39 

33.9 

1.14866 

19.00 

38.9 

1.17879 

21.78 

43.9 

1.19980 

24.44 

34.0 

1.14916 

19.06 

39.0 

1.17480 

21.79 

44.0 

1.200 

24.60 

::u 

l.l  1966 

19.11 

89.1 

1.17481 

21.84 

44.1 

1.20086     24.55  ' 

1.15014 

19.16 

1.17682 

21.  '.»() 

44.2 

1.10189 

24.61 

1.15064 

19.22 

89.3 

1.17583 

21.95 

44.3 

1.20192 

24.66 

34.4 

1.16118 

19.27 

39.4 

1.17635 

22.00 

44.4 

1.20246 

24.71 

34.5 

1.16168 

89.5 

1.17686 

22.06 

44.6 

24.77 

34.6 

1.16218 

19.88 

39.6 

1.17787 

22.11 

44.6 

1.20662 

24.82 

34.7 

1.16262 

19.44 

89.7 

1.17789 

22.  1  7 

44.7 

1.20405 

24.88 

34.8 

1.16812 

39.8 

1.17840 

22.22 

44.8 

1.20468 

24.93 

34.9 

19.66 

89.9 

1.17892 

22.28 

44.9 

1.20612 

24.98 
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Comparison  between  Specific  Gravity  Figures,  Degree  Baume  and  Degree 

Brix. — Continued. 


Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

•<j 

ll 

p 

Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

o 
«S 
11 
$1 

ft 

Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

><d 

o| 

45.0 

.20565 

25.04 

50.0 

1.23278 

27.72 

55.0 

.26086 

30.37  ! 

45.1 

.20618 

25.09 

50.1 

1.23334 

27.77 

55.1 

.26143 

30.42  1 

45.2 

.20672 

25.14 

50.2 

1.23389 

27.82 

55.2 

.26200 

30.47 

45.3 

.20725 

25.20 

50.3 

1.23444 

27.88 

55.3 

.26257 

30.53 

45.4 

.20779 

25.25 

50.4 

1.23499 

27.93 

55.4 

.26314 

30.58 

45.5 

.20832 

25.31 

50.5 

1.23555 

27.98 

55.5 

.20372 

30.63 

45.6 

.20886 

25.36 

50.6 

1.23610 

28.04 

55.6 

.26429 

30.68 

45.7 

.20939 

25.41 

50.7 

1.23666 

28.09 

55.7 

1.26486 

30.74 

45.8 

.20993 

25.47 

50.8 

1.23721 

28.14 

55.8 

1.26544 

30.79 

45.9 

.21046 

25.52 

50.9 

1.23777 

28.20 

55.9 

1.26601 

30.84 

46.0 

.21100 

25.57 

51.0 

1.23832 

28.25 

56.0 

1.26658 

30.89 

46.1 

.21154 

25.63 

51.1 

1.23888 

28.30 

56.1 

1.26716 

30.95 

46.2 

.21208 

25.68 

51.2 

1.23943 

28.36 

56.2 

1.26773 

31.00 

46.3 

.21261 

25.74 

51.3 

1.23999 

28.41 

56.3 

1.26831 

31.05 

46.4 

.21315 

25.79 

51.4 

1.24055 

28.46 

56.4 

1.26889 

31.10 

46.5 

.21369 

25.84 

51.5 

.24111 

28.51 

56.5 

1.26946 

31.16 

46.6 

.21423 

25.90 

51.6 

.24166 

28.57 

56.6 

1.27004 

31.21 

46.7 

.21477 

25.95 

51.7 

.24222 

28.62 

56.7 

1.27062 

31.26 

46.8 

.21531 

26.00 

51.8 

.24278 

28.67 

56.8 

1.27120 

31.31 

46.9 

.21585 

26.06 

51.9 

.24334 

28.73 

56.9 

1.27177 

31.37 

47.0 

.21639 

26.11 

52.0 

.24390 

28.78 

57.0 

1.27235 

31.42 

47.1 

.21693 

26.17 

52.1 

.24446 

28.83 

57.1 

1.27293 

31.47 

47.2 

.21747 

26.22 

52.2 

.24502 

28.89 

57.2 

1.27351 

31.52 

47.3 

.21802 

26.27 

52.3 

.24558 

28.94 

57.3 

1.27409 

31.58 

47.4 

.21856 

26.33 

52.4 

.24614 

28.99 

57.4 

1.27467 

31.63 

47.5 

.21910 

26.38 

52.5 

.24670 

29.05 

57.5 

1.27525 

31.68 

47.6 

.21964 

26.43 

52.6 

.24726 

29.10 

57.6 

1.27583 

31.73 

47.7 

.22019 

26.49 

52.7 

.24782 

29.15 

57.7 

1.27641 

31.79 

47.8 

.22073 

26.54 

52.8 

.24839 

29.20 

57.8 

1.27699 

31.84 

47.9 

1.22127 

26.59 

52.9 

.24895 

29.26 

57.9 

1.27758 

31.89 

48.0 

.22182 

26.65 

53.0 

1.24951 

29.31 

58.0 

1.27816 

31.94 

48.1 

.22236 

26.70 

53.1 

1.25008 

29.36 

58.1 

1.27874 

32.00 

48.2 

.22291 

26.75 

53.2     - 

.25064 

29.42 

58.2 

1.27932 

32.05 

48.3 

.22345 

26.81 

53.3 

.25120 

29.47 

58.3 

1.27991 

32.10 

48.4 

.22400 

26.86 

53.4 

.25177 

29.52 

58.4 

1.28049 

32.15 

48.5 

.22455 

26.92 

53.5 

.25233 

29.57 

58.5 

1.28107 

32.20 

48.6 

1.22509 

26.97 

53.6 

.25290 

29.63 

58.6 

1.28166 

32.26 

48.7 

1.22564 

27.02 

53.7 

25347 

29.68 

58.7 

1.28224 

32.31 

48.8 

1.22619 

27.08 

53.8 

.25403 

29.73 

58.8 

1.28283 

32.36 

48.9 

1.22673 

27.13 

53.9 

.25460 

29.79 

58.9 

1.28342 

32.41 

49.0 

1.22728 

27.18 

54.0 

.25517 

29.84 

59.0 

.28400 

32.42 

49.1 

1.22783 

27.24 

54.1 

.25573 

29.89 

59.1 

.28459 

32.52 

49.2 

1.22838 

27.29 

54.2 

.25630 

29.94 

59.2 

.28518 

32.57 

49.3 

1.22893 

27.34 

54.3 

.25687 

30.00 

59.3 

.28576 

32.62 

49.4 

1.22948 

27.40 

54.4 

.25744 

30.05 

59.4 

.28635 

32.67 

49.5 

1.23003 

27.45 

54.5 

1.25801 

30.10 

59.5 

.28694 

32.73 

49.6 

1.23058 

27.50 

54.6 

1.25857 

30.16 

59.6 

.28753 

32.78 

49.7 

1.23113 

27.56 

54.7 

1.25914 

30.21 

59.7 

.28812 

32.83 

49.8 

1.23168 

27.61 

54.8 

1.25971 

30.26 

59.8 

.28871 

32.88 

49.9 

1.23223 

27.66 

54.9 

1.26028 

30.31 

59.9 

1.28930 

32.93 

fnfin.n 
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Percentage 

;ir  uc- 
mnliiii;  ID 
Hallinu  »r 

degree  Brix 

Specific 

gravity. 

i 

(•nnliiiK  lu 
Italliim  ur 

Specific 

gravity. 

il 

Percentage 
ol  HUM  M 

cording  t<» 

gsi& 

Specific 

gravity. 

|l 

60.0 

1.28989 

;;•_>.<.)<» 

65.0 

.81989 

35.67 

700 

,86088 

38.12 

80.1 

1.29048 

83.04 

86.1 

70.1 

60.2 

,29107 

33.09 

65.2 

,82111 

35.68 

70.2 

. 

60.3 

,29186 

33.14 

65.3 

,82172 

35.73 

70.8 

;;s  28 

60.4 

,29225 

33.20 

85.4 

.82288 

36.78 

7<>   \ 

.29284 

65.5 

85.88 

70.5 

88.88 

60.6 

,29848 

33.30 

.32355 

86.88 

70  0 

80.7 

.29408 

33.85 

86.7 

,82417 

35.93 

70.7 

,85680 

88.48 

60.8 

,29462 

88.40 

,82478 

85.98 

70.8 

88.58 

60.9 

,2962] 

33.46 

86.04 

70.9 

38.68 

61.0 

.29581 

33.51 

66.0 

.32*  .01 

36.09 

71.0 

.35720 

38.63 

81.1 

.29646 

33.56 

88J 

86.1  1 

71.1 

38.68 

61.2 

.29700 

33.61 

86.2 

36.19 

71.2 

38.73 

.29759 

88.66 

66.8 

.32785 

71.3 

.86910 

38.78 

81.4 

.2!  Win 

33.71 

66.4 

.32847 

71.1 

: 

38.83 

81.6 

.29878 

33.77 

.32908 

86.84 

71.5 

88.88 

61.6 

33.82 

66.6 

88.89 

71.6 

.86101 

38.93 

61.7 

,29998 

33.87 

66.7 

.33031 

36.45 

71.7 

88.96 

61.8 

.30057 

33.92 

66.8 

.33093 

36.50 

71.8 

39.03 

61.9 

.30117 

33.97 

66.9 

.33155 

36.65 

71.9 

.36292 

39.08 

62.0 

.30177 

84.08 

67.0 

1.33217 

36.60 

72.0 

.36355 

39.13 

62.1 

.30237 

34.08 

67.1 

1.33278 

36.65 

72.1 

.36419 

39.19 

62.2 

.30297 

34.13 

67.2 

1.33340 

36.70 

72.2 

.36483 

39.24 

.30356 

34.18 

67.8 

1.33402 

36.75 

72.3 

.36547 

39.29 

62.4 

.30416 

34.23 

67.4 

36.80 

72.4 

.36611 

39.34 

62.5 

.80476 

84.28 

67.5 

1.33526 

36.85 

72.5 

.36675 

39.39 

62.6 

.30536 

34.34 

67.6 

1.33588 

36.90 

72.6 

.36739 

39.44 

62.7 

.30596 

84.89 

67.7 

[.88660 

36.96 

72.7 

.88808 

39.49 

82.8 

.30657 

84.44 

67.8 

1.33712 

37.01 

72.8 

.36807 

39.54 

62.9 

.30717 

34.49 

67.9 

1.33774 

37.0»J 

72.9 

.86931 

39.69 

63.0 

.30777 

34.54 

68.0 

1.33836 

37.11 

73.0 

.36995 

39.64 

63.1 

.30837 

34.69 

68.1 

1.33899 

87.16 

73.1 

.37059 

39.69 

.80697 

84.66 

68.2 

1.88961 

37.21 

73.2 

.37124 

39.74 

.30958 

34.70 

68.3 

1.34028 

37.26 

73.3 

.37188 

39.79 

.31018 

34.75 

68.4 

1.34085 

37.31 

73.4 

39.84 

.31078 

84.80 

68.5 

1.34148 

37.36 

73.5 

.37317 

39.89 

.31139 

34.85 

68.6 

1.84210 

37.41 

73.6 

.37381 

39.04 

.31199 

84.90 

68.7 

1.84278 

37.47 

73.7 

,87446 

39.99 

63.8 

,81260 

68.8 

37.52 

73.8 

,87510 

40.04 

63.9 

,81820 

35.01 

68.9 

37.57 

73.9 

.37575 

40.09 

64.0 

.31381 

35.06 

69.0 

37.62 

74.0 

40.14 

64.1 

,81  n-j 

86.  1  1 

69.1 

.34523 

87.67 

74.1 

.37704 

40.19 

84.2 

.31502 

85.16 

69.2 

37.72 

74.2 

40  L'l 

64.3 

86.21 

69.8 

37.77 

74.3 

.37833 

64.4 

.31624 

35.27 

.84711 

37.82 

74.4 

40.84 

64.5 

.31684 

35.32 

.84774 

37.87 

74.5 

40.39 

64.6 

.81746 

69.6 

.34836 

87.92 

74.6 

.38027 

40.44 

84.7 

.81806 

86.  »•_' 

69.7 

.34899 

37.97 

74.7 

.88092 

40.49 

64.8 

.31867 

86.47 

69.8 

.34962 

38.02 

74.8 

,88167 

10.64 

64.9 

.31928 

35.52 

69.9 

.35025 

38.07 

74.9 

.38222 

40.59 
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Comparison  between  Specific  Gra/oUy  Figures,  Degree  Baume  and  Degree 

Brix. — Continued. 


Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

Degree 
Baume. 

Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

•<j 

si 

Percentage 
of  sugar  ac- 
cording to 
Balling  or 
degree  Brix. 

Specific 
gravity. 

M> 

9g 

»  3 

&ffl 
.« 

75.0 

1.38287 

40.64 

80.0 

1.41586 

43.11 

85.0 

1.44986 

45.54 

75.1 

1.38352 

40.69 

80.1 

1.41653 

43.61 

85.1 

1.45055 

45.59 

75.2 

1.38417 

40.74 

80.2 

1.41720 

43.21 

85.2 

1.45124 

45.64 

75.3 

.38482 

40.79 

80.3 

1.41787 

43.26 

85.3 

1.45193 

45.69 

75.4 

.38547 

40.84 

80.4 

1.41854 

43.31 

85.4 

1.45262 

45.74 

75.5 

.38612 

40.89 

80.5 

1.41921 

43.36 

85.5 

1.45331 

45.78 

75.6 

.38677 

40.94 

80.6 

1.41989 

43.41 

85.6 

1.45401 

45.83 

75.7 

.38743 

40.99 

80.7 

1.42056 

43.45 

85.7 

1.45470 

45.88 

75.8 

.38808 

41.04 

80.8 

1.42123 

43.50 

85.8 

1.45539 

45.93 

75.9 

.38873 

41.09 

80.9 

1.42190 

43.55 

85.9 

1.45609 

45.98 

76.0 

.38939 

41.14 

81.0 

1.42258 

43.60 

86.0 

1.45678 

46.02 

76.1 

.39004 

41.19 

81.1 

1.42325 

43.65 

80.  1 

1.45748 

46.07 

76.2 

.39070 

41.24 

81.2 

1.42393 

43.70 

86.2 

1.45817 

46.12 

76.3 

.39135 

41.29 

81.3 

1.42460 

43.75 

86.3 

1.45887 

46.17 

76.4 

.39201 

41.33 

81.4 

1.42528 

43.80 

86.4 

1.45956 

46.22 

76.5 

.39266 

41.38 

81.5 

1.42595 

43.85 

86.5 

1.46026 

46.26 

76.6 

.39332 

41.43 

81.6 

1,42663 

43.89 

86.6 

1.46095 

46.31 

76.7 

.39397 

41.48 

81.7 

1.42731 

43.94 

86.7 

1.46165 

46.36 

76.8 

.39463 

41.53 

81.8 

1.42798 

43.99 

86.8 

1.46235 

46.41 

76.9 

.39529 

41.58 

81.9 

1.42866 

44.04 

86.9 

1.46304 

46.46 

77.0 

1.39595 

41.63 

82.0 

1.42934 

44.09 

87.0 

1.46374 

46.50 

77.1 

1.39660 

41.68 

82.1 

1.43002 

44.14 

87.1 

1.46444 

46.55 

77.2 

1.39726 

41.73 

82.2 

1.43070 

44.19 

87.2 

1.46514 

46.60 

77.3 

1.39792 

41.78 

82.3 

1.43137 

44.24 

87.3 

1.46584 

46.65 

77.4 

1.39858 

41.83 

82.4 

1.43205 

44.28 

87.4 

1.46654 

46.69 

77.5 

1.39924 

41.88 

82.5 

1.43273 

44.33 

87.5 

1.46724 

46.74 

77.6 

1.39990 

41.93 

82.6 

.43341 

44.38 

87.6 

1.46794 

46.79 

77.7 

1.40056 

41.98 

82.7 

.43409 

44.43 

87.7 

1.46864 

46.84 

77.8 

1.40122 

42.03 

82.8 

.43478 

44.48 

87.8 

1.46934 

46.88 

77.9 

1.40188 

42.08 

82.9 

.43546 

44.53 

87.9 

1.47004 

46.93 

78.0 

1.40254 

42.13 

83.0 

.43614 

44.58 

88.0 

1.47074 

46.98 

78.1 

1.40321 

42.18 

83.1 

.43682 

44.62 

88.1 

1.47145 

47.03 

78.2 

1.40387 

42.23 

83.2 

.43750 

44.67 

88.2 

1.47215 

47.08 

78.3 

1.40453 

42.28 

83.3 

1.43819 

44.72 

88.3 

1.47285 

47.12 

78.4 

1.40520 

42.32 

83.4 

1.43887 

44.77 

88.4 

1.47356 

47.17 

78.5 

1.40586 

42.37 

83.5 

1.43955 

44.82 

88.5 

1.47426 

47.22 

78.6 

1.40652 

42.42 

83.6 

1.44024 

44.87 

88.6 

1.47496 

47.27 

78.7 

1.40719 

42.47 

83.7 

1.44092 

44.91 

88.7 

1.47567 

47.31 

78.8 

1.40785 

42.52 

83.8 

1.44161 

44.96 

88.8 

1.47637 

47.36 

78.9 

1.40852 

42.57 

83.9 

1.44229 

45.01 

88.9 

1.47708 

47.41 

79.0 

1.40918 

42.62 

84.0 

1.44298 

45.06 

89.0 

1.47778 

47.46 

79.1 

1.40985 

42.67 

84.1 

1.44367 

45.11 

89.1 

1.47849 

47.50 

79.2 

1.41052 

42.72 

84.2 

1.44435 

45.16 

89.2 

1.47920 

47.55 

79.3 

1.41118 

42.77 

84.3 

1.44504 

45.21 

89.3 

1.47991 

47.60 

79.4 

1.41185 

42.82 

84.4 

1.44573 

45.25 

89.4 

1.48061 

47.65 

79.5 

1.41252 

42.87 

84.5 

1.44641 

45.30 

89.5 

1.48132 

47.69 

79.6 

1.41318 

42.92 

84.6 

1.44710 

45.35 

89.6 

1.48203 

47.74 

79.7 

1.41385 

42.96 

84.7 

1.44779 

45.40 

89.7 

1.48274 

47.79 

79.8 

1.41452 

43.01 

84.8 

1.44848 

45.45 

89.8 

1.48345 

47.83 

79.9 

1.41519 

43.06 

84.9 

1.44917 

45.49 

89.9 

1.48416 

47.88 
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Comparison  l><tir«u 


/•'/'/////•»  >•, 
/*/•/>.  —  (  'mitiiiin-.!. 
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and  I  >•  '/fee 


;  Percentage 

tit'   Ml 

curilniK  In 
Hullinu  ..[• 

Bpedfic 

Ki-avity. 

jl 

••  "K  I" 

Ballii 

K'raviiy. 

il 

F 

ropliiiK  to 
Hull: 

8  Brix. 

Specific 
gravity. 

4 

§! 

¥ 

90.0 

1.4848G 

47.93 

94.0 

19.8] 

1.64290 

90.1 

17  98 

94.1 

.51431 

98.1 

51.70 

(x  02 

94.2 

.51504 

98.2 

1.64440 

:,l  :i 

00.8 

48.07 

,51577 

98.8 

90.4 

.48771 

48.12 

94.4 

,61649 

90.5 

.48842 

48.17 

.51722 

50.04 

.48913 

48.21 

.51795 

50.08 

98.6 

1.64740 

51.92 

i,  ,gfi 

4s.iv, 

94.7 

,51868 

50.18 

l's.7 

1.64816 

90.8 

48.31 

.61941 

50.18 

98.8 

1.64890 

62.01 

.49127 

48.35 

94.9 

.52014 

50.22 

98.9 

62.06 

91.0 

.49199 

48.40 

95.0 

.52087 

60.27 

99.0 

1.55040 

62.11 

'.U.I 

,49270 

18,  I-  . 

95.1 

.52159 

50.32 

99.1 

1.55115 

52.15 

91.2 

48.50 

95.2 

.52282 

50.36 

99.2 

1.55189 

;V_'.  L'<  » 

91.3 

,49418 

Iv.-.l 

95.3 

.52304 

50.41 

99.3 

1.55264 

52.24 

91.4 

48.59 

95.4 

.52876 

50.45 

99.4 

1.55338 

52.29 

91.5 

.49566 

lv.,| 

95.5 

.52449 

50.50 

99.5 

.55413 

52.33 

91.6 

.49628 

48.68 

96.6 

.52521 

50.55 

99.6 

.55487 

52.38 

91.7 

.49700 

48.73 

95.7 

.52593 

50.59 

52.42 

91.8 

.49771 

48.78 

95.8 

,62665 

50.64 

99.8 

.55636 

52.47 

91.9 

.49843 

48.82 

95.9 

.52738 

50.69 

99.9 

.55711 

52.61 

92.0 

,49915 

48.87 

96.0 

1.52810 

50.73 

100.0 

1.55785 

62.56 

'.••_-.  i 

.49987 

48.92 

96.] 

1.52884 

50.78 

92.2 

.50058 

48.96 

96.2 

1.52958 

50.82 

92.3 

.50130 

49.01 

96.3 

1.53032 

50.87 

92.4 

,60202 

49.06 

96.4 

1.53106 

50.92 

92.5 

.60274 

49.11 

96.6 

1.53180 

50.96 

92.6 

.50346 

49.15 

96.6 

1.53254 

51.01 

1.50419 

49.20 

96.7 

1.53328 

51.0.') 

92.8 

1.50491 

49.25 

96.8 

1.53402 

51.10 

1.50563 

49.29 

96.9 

1.53476 

51.15 

93.0 

1.50633 

49.34 

97.0 

1.53550 

51.19 

93.1 

1.50707 

49.39 

97.1 

.53624 

61.24 

93.2 

1.50779 

19.  l:5 

97.2 

.53698 

51.28 

93.3 

1.50852 

49.48 

97.3 

.53772 

61.33 

L.60924 

49.53 

97.4 

.5384*5 

51.38 

93.5 

1.60996 

49.57 

97.5 

.53920 

51.42 

93.6 

(.51069 

49.62 

97.6 

51.47 

93.7 

1..-.11  ll 

49.67 

97.7 

51.51 

93.8 

1.61214 

49.71 

97.8 

,641  I'-1 

51.56 

93.9 

1.51286 

49.76 

97.9 

51.60 
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IV.   Alcohol  Tables. 

Percentage  of  Alcohol  by  Weight  and  by  Volume  from  the  Specific  Gravity 
(at  15.5°  C.\  by  Otto  Hehner. 


Specific 
gravity  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Percent- 
age of 
absolute 
alcohol  by 
volume. 

Specific 
gravity  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Percent- 
age of 
absolute 
alcohol  by 
volume. 

Specific 
gravity  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Percent- 
age of 
absolute 
alcohol  by 
volume. 

1.0000 

0.00 

0.00 

0.9999 

0.05 

0.07 

0.9949 

2.89 

3.62 

0.9899 

5.94 

7.40 

8 

0.11 

0.13 

8 

2.94 

3.69 

8 

6.00 

7.48 

7 

0.16 

0.20 

7 

3.00 

3.76 

7 

6.07 

7.57 

6 

0.21 

0.26 

6 

3.06 

3.83 

6 

6.14 

7.66 

5 

0.26 

0.33 

5 

3.12 

3.90 

5 

6.21 

7.74 

4 

0.32 

0.40 

4 

3.18 

3.98 

4 

6.28 

7.83 

3 

0.37 

0.46 

3 

3.24 

4.05' 

3 

6.36 

7.92 

2 

0.42 

0.53 

2 

3.29 

4.12 

2 

6.43 

8.01 

1 

0.47 

0.60 

1 

3.35 

4.20 

1 

6.50 

8.10 

0 

0.53 

0.66 

0 

3.41 

4.27 

0 

6.57 

8.18 

0.9989 

0.58 

0.73 

0.9939 

3.47 

4.34 

0.9889 

6.64 

8.27 

8 

0.63 

0.79 

8 

3.53 

4.42 

8 

6.71 

8.36 

7 

0.68 

0.86 

7 

3.59 

4.49 

7 

6.78 

8.45 

6 

0.74 

0.93 

6 

3.65 

4.56 

6 

6.86 

8.54 

5 

0.79 

0.99 

5 

3.71 

4.63 

5 

6.93 

8.63 

4 

0.84 

1.06 

4 

3.76 

4.71 

4 

7.00 

8.72 

8 

0.89 

1.13 

3 

3.82 

4.78 

3 

7.07 

8.80 

2 

0.95 

1.19 

2 

3.88 

4.85 

2 

7.13 

8.88 

1 

1.00 

1.26 

1 

3.94 

4.93 

1 

7.20 

8.96 

0 

1.06 

1.34 

0 

4.00 

5.00 

0 

7.27 

9.04 

0.9979 

1.12 

1.42 

0.9929 

4.06 

5.08 

0.9879 

7.33 

9.13 

8 

1.19 

1.49 

8 

4.12 

5.16 

8 

7.40 

9.21 

7 

1.25 

1.57 

7 

4.19 

5.24 

7 

7.47 

9.29 

6 

1.31 

1.65 

6 

4.25 

5.32 

6 

7.53 

9.37 

5 

.37 

1.73 

5 

4.31 

5.39 

5 

7.60 

9.45 

4 

.44 

1.81 

4 

4.37 

5.47 

4 

7.67 

9.54 

3 

.50 

1.88 

3 

4.44 

5.55 

3 

7.73 

9.62 

2 

.56 

1.96 

2 

4.50 

5.63 

2 

7.80 

9.70 

1 

.62 

2.04 

1 

4.56 

5.71 

1 

7.87 

9.78 

0 

.69 

2.12 

0 

4.62 

5.78 

0 

7.93 

9.86 

0.9969 

1.75 

2.20 

0.9919 

4.69 

5.86 

0.9869 

8.00 

9.95 

8 

1.81 

2.27 

8 

4.75 

5.94 

8 

8.07 

10.03 

7 

1.87 

2.35 

7 

4.81 

•  6.02 

7 

8.14 

10.12 

6 

1.94 

2.43 

6 

4.87 

6.10 

6 

8.21 

10.21 

5 

2.00 

2.51 

5 

4.94 

6.17 

5 

8.29 

10.30 

4 

2.06 

2.58 

4 

5.00 

6.24 

4 

8.36 

10.38 

3 

2.11 

2.62 

3 

5.06 

6.32 

3 

8.43 

10.47 

2 

2.17 

2.72 

2 

5.12 

6.40 

2 

8.50 

10.56 

1 

2.22 

2.79 

1 

5.19 

6.48 

1 

8.57 

10.65 

0 

2.28 

2.86 

0 

5.25 

6.55 

0 

8.64 

10.73 

0.9959 

2.33 

2.93 

0.9909 

5.31 

6.63 

0.9859 

8.71 

10.82 

8 

2.39 

3.00 

8 

5.37 

6.71 

8 

8.79 

10.91 

7 

2.44 

3.07 

7 

5.44 

6.78 

7 

8.86 

11.00 

6 

2.50 

3.14 

6 

5.50 

6.86 

6 

8.93 

11.08 

5 

2.56 

3.21 

5 

5.56 

6.94 

5 

9.00 

11.17 

4 

2.61 

3.28 

4 

5.62 

7.01 

4 

9.07 

11.26 

3 

2.67 

3.35 

3 

5.69 

7.09 

3 

9.14 

11.35 

2 

2.72 

3.42 

2 

5.75 

7.17 

2 

9.21 

11.44 

1 

2.78 

3.49 

1 

5.81 

7.25 

1 

9.29 

11.52 

0       2.83 

3.55 

0 

5.87           7.32 

0 

9.36 

11.61 
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gravity  at 

IVivnil- 

absolute 

illci'l  nl    I'V 
WiMKlll." 

IVnVlll- 
II-C    ill" 

ab-"lut»- 
alcitlml  l.y 

Vuluillf. 

gnuilv  at 
15.5°  C. 

al.M.lulr 

alc..||i.|    I.V 

III.-'.  llllC 

uli-..  lii.  1   l.\ 

M.lllllR-. 

8|>« 

gravity  at 

Pwoeo* 

al.-i.lilte 
alci.li.il  hv 

Percent- 

absolute 

alrulio!   hj 

volume. 

O.«.»sj'.> 

0.43 

11.70 

0.9799 

IS.8I 

1  <;.:;:», 

0.074'J 

I7.il 

21.20 

8 

11.79 

8 

18.81 

8 

17.42 

7 

11.87 

7 

13.38 

16.62 

7 

17.50 

21.49 

6 

9.64 

11.'.'.; 

6 

18  !•; 

i  «;.«;i 

•i 

17.58 

5 

9.71 

12.06 

5 

18.64 

16.70 

8 

17.  .17 

4 

9.79 

12.18 

4 

18.62 

16.80 

4 

17.75 

21.79 

3 

12.22 

3 

13.69 

3 

17.83 

21.89 

2 

12.31 

2 

13.77 

Hi.'.is 

a 

17.92 

21.99 

1 

10.00 

12.40 

1 

17.08 

i 

18.00 

0 

10.08 

12.49 

0 

18.92 

17.17 

0 

18.08 

0.9830 

10.15 

12.5-s 

0.0780 

14.00 

17.26 

0.07W 

is.i:> 

22.27 

8 

L0.28 

12.68 

8 

14.09 

17.37 

8 

18.28 

7 

10.31 

12.77 

7 

14.18 

17.48 

7 

18.81 

10.38 

12.87 

6 

14.27 

17.69 

18.38 

5 

10.46 

12.96 

5 

14.36 

17.70 

5 

18  i-; 

4 

10.64 

13.05 

4 

14.45 

17.81 

4 

18.64 

22.73 

3 

10.62 

13.15 

3 

1  1.66 

17.92 

3 

22.82 

2 

10.69 

13.24 

2 

14.64 

18.03 

I' 

18.69 

1 

10.77 

13.34 

1 

14.73 

18.14 

1 

18.77 

23.01 

0 

10.85 

18.48 

0 

14.82 

18.26 

0 

18.85 

23.10 

0.0x29 

10.02 

13.52 

0.0770 

14.00 

ls.:j<; 

0.0720 

18.02 

23.19 

8 

11.00 

18.62 

8 

15.00 

18.48 

8 

19.00 

23.28 

7 

11.08 

18.71 

7 

16.08 

18.58 

7 

19.08 

23.38 

6 

11.15 

13.81 

6 

15.17 

18.68 

6 

19.17 

5 

11.23 

13.90 

5 

16.26 

18.78 

5 

19.26 

23.08 

4 

11.31 

13.99 

4 

16.88 

18.88 

4 

19.33 

28.68 

3 

11.38 

14.09 

8 

1&42 

18.98 

3 

19.42 

2 

11.46 

14.18 

2 

15.50 

19.08 

2 

19.60 

28.88 

1 

11.64 

14.27 

1 

15.58 

19.18 

1 

19.58 

23.98 

0 

11.62 

14.37 

0 

15.67 

19.28 

0 

19.67 

24.08 

0.9x10 

11.69 

14.46 

0.0760 

15.75 

10.30 

0.0710 

!!>.::» 

L't.18 

8 

11.77 

14.66 

8 

15.83 

19.49 

8 

19.83 

24.28 

7 

11.85 

14.65 

7 

15.92 

19.59 

7 

19.92 

24.38 

6 

11.92 

14.74 

6 

16.00 

19.68 

6 

20.00 

24.48 

5 

12.00 

14.84 

5 

10.08 

19.78 

6 

20.  OS 

4 

12.08 

14.93 

4 

16.15 

19.87 

4 

20.17 

3 

L2.16 

15.02 

:; 

16.28 

19.96 

3 

20.25 

2 

12.28 

15.12 

a 

16.81 

20.06 

2 

20.33 

24.88 

1 

12.81 

15.21 

1 

16.38 

20.15 

1 

•J0.4L' 

24.98 

l) 

12.38 

15.30 

0 

16.46 

20.24 

0 

20.50 

25.07 

0.9X09 

12.40       15.40 

0.0750 

iii.54 

•20.:*:t 

0.0700 

20.68 

•_>:>.  i: 

s 

1  •-'.••>  I         15.49 

8 

16.62 

I'd.  4:: 

8 

7 

12.62 

l.-,.:,s 

7 

16.69 

20.62 

7 

20.75 

25.37 

6 

15.68 

6 

16.77 

20.61 

6 

L'O.s:'. 

26.47 

6 

12.77 

16.77 

5 

16.85 

20.71 

6 

20.92 

25.57 

4 

12.86 

4 

16.92 

20.80 

4 

21.00 

25.67 

8 

12.92 

16  96 

3 

17.00 

20.89 

3 

21.08 

25.76 

2 

13.00 

16.05 

2 

17.08 

2 

21.15 

25.86 

1 

13.08 

16.16 

1 

17.17 

21.09 

1 

21.23 

0 

13.15 

16.24 

0 

17.25 

21.19 

0 

21.31 

26.04 
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Percentage  of  Alcohol  by  Weight  and  by  Volume  from  the  Specific  Gravity 
(at  15.5°  C.\  by  Otto  Hehner.— Continued. 


Specific 
gravity  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Percent- 
age of 
absolute 
alcohol  by 
volume. 

Specific 
gravitv  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Percent- 
age of 
absolute 
alcohol  by 
volume. 

Specific 
gravitv  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Pem-iit-  : 
age  of 
absolute 
alcohol  by 
volume. 

0.9699 

21.38 

26.13 

0.9649 

25.21 

30.65 

0.9599 

2S.62 

34.61 

8 

21.46     j    26.22 

8 

25.29 

30.73 

8 

28.69 

34.69 

7 

21.54 

26.31 

7 

25.36 

30.82 

7 

28.75 

34.76 

6 

21.62 

26.40 

6 

25.43 

30.90 

6 

28.81 

34.83 

5 

21.69 

26.49 

5 

25.50 

30.98 

5 

28.87 

34.90 

4 

21.77 

26.58 

4 

25.57 

31.07 

4 

28.94 

34.97 

3 

21.85 

26.67 

3 

25.64 

31.15 

3 

29.00 

35.05 

2 

21.92 

26.77 

2 

25.71 

31.23 

2 

29.07 

35.12 

1 

22.00 

26.86 

1 

25.79 

31.32 

1 

29.13 

35.20 

0 

22.08 

26.95 

0 

25.86 

31.40 

0 

29.20 

35.28 

0.9689 

22.15 

27.04 

0.9639 

25.93 

31.48 

0.9589 

29.27 

35.35 

8 

22.23 

27.13 

8 

26.00 

31.57 

8 

29.33 

35.43 

7 

22.31 

27.22 

7 

26.07 

31.65 

7 

29.40 

35.51 

6 

22.38 

27.31 

6 

26.13 

31.72 

6 

29.47 

35.58 

5 

22.46 

27.40 

5 

26.20 

31.80 

5 

29.53 

35.66 

4 

22.54 

27.49 

4 

26.27 

31.88 

4 

29.60 

35.74 

3 

22.62 

27.59 

3 

26.33 

31.96 

3 

29.67 

35.81 

2 

22.69 

27.68 

2 

26.40 

32.03 

2 

29.73 

35.89 

1 

22.77 

27.77 

1 

26.47 

32.11 

1 

29.80 

35.97 

0 

22.85 

27.86 

0 

26.53 

32.19 

0 

29.87 

36.04 

0.9679 

22.92 

27.95 

0.9629 

26.60 

32.27 

0.9579 

29.93 

36.12 

8 

23.'<xT 

28.04 

8 

26.67 

32.34 

8 

30.00 

36.20 

7 

23.08 

28.13 

7 

26.73 

32.42 

7 

30.06 

36.26 

6 

23.15 

28.22 

6 

26.80 

32.50 

6 

30.11 

36.32 

5 

23.23 

28.31 

5 

26.87 

32.58 

5 

30.17 

36.39 

-  4 

23.31 

28.41 

4 

26.93 

32.65 

4 

30.22 

36.45 

3 

23.38 

28.50 

3 

27.00 

32.73 

3 

30.28 

36.51 

2 

23.46 

28.59 

2 

27.07 

32.81 

2 

30.33 

36.57 

1 

23.54 

28.68 

1 

27.14 

32.90 

1 

30.39 

36.64 

0 

23.62 

28.77 

0 

27.21 

32.98 

0 

30.44 

36.70 

0.9669 

23.69 

28.S6 

0.9619 

27.29 

33.06 

0.9569 

30.50 

36.76 

8 

23.77 

28.95 

8 

27.36 

33.15 

8 

30.56 

36.83 

7 

23.85 

29.04 

7 

27.43 

33.23 

7 

30.61 

36.89 

6 

23.92 

29.13 

6 

27.50 

33.31 

6 

30.67 

36.95 

5 

24.00 

29.22 

5 

27.57 

33.39 

5 

30.72 

37.02 

4 

24.08 

29.31 

4 

27.64 

33.48 

4 

30.78 

37.08 

3 

24.15 

29.40 

3 

27.71 

33.56 

3 

30.83 

37.14 

2 

24.23 

29.49 

2 

27.79 

33.64 

2 

30.89 

37.20 

1 

24.31 

29.58 

1 

27.86 

33.73 

1 

30.94 

37.27 

0 

24.38 

29.67 

o 

27.93 

33.81 

0 

31.00 

37.34 

0.9659 

24.46 

29.76 

0.9609 

28.00 

33.89 

0.9559 

31.06 

37.41 

8 

24.54 

29.86 

8 

28.06 

33.97 

8 

31.12 

37.48 

7 

24.62 

29.95 

7 

28.12 

34.04 

7 

31.19 

37.55 

6 

24.69 

30.04 

6 

28.19 

34.11 

6 

31.25 

37.62 

5 

24.77 

30.13 

5 

28.25 

34.18 

5 

31.31 

37.69 

4 

24.85 

30.22 

4 

28.31 

34.25 

4 

31.37 

37.76 

3 

24.92 

30.31 

3 

28.37 

34.33 

3 

31.44 

37.83 

2 

25.00 

30.40 

2 

28.44 

34.40 

2 

31.50 

37.90 

1 

25.07 

30.48 

1 

28.50 

34.47 

1 

31.56 

37.97 

0 

25.14 

30.57 

0 

28.56 

34.54 

0 

31.62 

38.04 
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Specific 
gravity  ut 
16.5°  C. 

Percent- 
age ..!' 
ah.voluie 

lldiliol    hy 

weight. 

Percent- 

H-r  Ol 

al>M>ltltr 

alcohol  l>\ 

Tolume. 

Specific 

nra\  itv  at 

ivr.  ml 

Itll-solllU- 

alcohol  by 

IVlrrliN 
|f|  ,.! 
al.M.lutc 
alcohol  t,y 
volume.' 

Specific 

ivi  <  i  n  t- 

llcolml    >>V 

Wtifffat. 

«-nt> 

.me 
alcohol  by 
volume. 

O.H54!) 

31.09 

:ts.ll 

o.'.M'.M) 

:i4.:>7 

41.37 

0.9449 

:17.I7       ll.-Jl 

8 

81.76 

8 

84.69 

41.42 

8 

7 

31.81 

38.25 

7 

41.48 

7 

6 

31.87 

88.88 

6 

34.71 

41.53 

6 

Ill: 

6 

81.94 

38.40 

6 

34.76 

41.58 

5 

14.49 

4 

32.00 

38.47 

4 

::i.sl 

41.63 

4 

37.44 

H..V, 

8 

38.53 

3 

34.86 

41.69 

3 

87.50 

44.61 

2 

82.12 

38.60 

2 

34.90 

41.74 

a 

44.67 

1 

32.19 

88.68 

1 

34.95 

41.79 

i 

37.61 

44.73 

0 

32.25 

38.75 

0 

35.00 

41.84 

0 

37.67 

0.9539 

32.31 

38.82 

0.9489 

35.05 

41.90 

0.9439 

37.72 

44.86 

8 

32.37 

88.89 

8 

35.10 

41.95 

8 

37.78 

14.92 

7 

32.44 

88.96 

7 

35.15 

42.01 

7 

37.83 

44.98 

6 

32.50 

39.04 

6 

35.20 

42.06 

6 

37.89 

6 

32.50 

39.11 

5 

35.25 

42.12 

5 

37.94 

45.10 

4 

32.62 

39.18 

4 

35.30 

42.17 

4 

38.00 

45.16 

3 

32.69 

39.25 

3 

35.35 

42.23 

8 

38.06 

45.22 

2 

32.75 

39.32 

2 

35.40 

42.29 

2 

38.11 

45.28 

1 

32.81 

39.40 

1 

35.45 

42.34 

1 

38.17 

0 

32.87 

39.47 

0 

35.50 

42.40 

0 

38.22 

45.41 

0.9.V29 

32.94 

39.54 

0.9479 

35.55 

42.4:, 

0.942W 

38.28 

45.47 

8 

33.00 

39.61 

8 

35.60 

42.51 

8 

38.33 

45.53 

7 

33.06 

39.68 

7 

35.65 

42.56 

7 

38.39 

45.59 

6 

33.12 

39.74 

6 

35.70 

42.62 

6 

38.44 

5 

33.18 

39.81 

5 

35.75 

42.67 

5 

38.50 

16.71 

4 

33.24 

39.87 

4 

35.80 

42.73 

4 

38.56 

46  77 

3 

33.29 

39.94 

3 

35.85 

42.78 

3 

38.61 

46.88 

2 

33.35 

40.01 

2 

35.90 

42.S4 

2 

38.67 

45.89 

1 

33.41 

40.07 

1 

35.95 

-IL'.  sn 

1 

38.72 

0 

33.47 

40.14 

0 

36.00 

42.95 

0 

38.78 

46.02 

0.951?) 

33.53 

40.20 

0.9469 

36.06 

43.01 

0.9419 

:{s.s:$ 

46.08 

8 

:;:{.:>'.) 

40.27 

8 

36.11 

43.07 

8 

:;vs'.t 

4.;.  u 

7 

40.34 

7 

36.17 

43.13 

7 

38.94 

46.20 

6 

33.71 

40.40 

6 

36.22 

43.19 

6 

39.00 

46.26 

5 

33.76 

40.47 

5 

86.28 

43.26 

5 

39.05 

46.32 

4 

33.82 

40.68 

4 

36.33 

43.32 

4 

39.10 

46.37 

3 

88.88 

40.60 

3 

36.39 

43.38 

3 

46.42 

2 

33.94 

40.67 

2 

36.44 

l::.H 

2 

39.20 

46.48 

1 

34.00 

40.74 

1 

86.60 

48.60 

1 

39.25 

46.53 

0 

40.79 

0 

36.56 

43.56 

0 

39.30 

46.59 

0.9500 

34.10 

40.84 

O.'.M.V.) 

36.61 

4S.M 

0.9409 

:;'.».:>,:, 

46.64 

8 

34.14 

40.90 

- 

86.67 

48.69 

8 

46.70 

7 

34.19 

40.96 

7 

43.75 

7 

39.45 

46.75 

6 

41.00 

6 

36.78 

43.81 

6 

39.50 

46.80 

6 

41.05 

5 

36.83 

43.87 

5 

39.55 

46.86 

4 

84.88 

41.11 

4 

48.98 

4 

89.60 

46.91 

3 

34.38 

41.16 

3 

44.00 

3 

89.66 

46.97 

2 

41.LM 

2 

37.00 

44.06 

a 

39.70 

47.02 

1 

34.48 

11.28 

1 

37.00 

44.12 

i 

39.75 

47.08 

0 

34.52 

41.82 

0 

37.11 

44.18 

0 

39.80 

47.13 

32 


498 


APPENDIX. 


Percentage  of  Alcohol  by  Weight  and  by  Volume  from  the  Specific  Gravid/ 
(at  15.5°  C),  by  Otto  Hehner.— Continued. 


Specific 
gravity  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Percent- 
age of 
absolute 
alcohol  by 
volume. 

Specific 
gravity  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Percent- 
age of 
absolute 
alcohol  by 
volume. 

Specific 
gravity  at 
15.5°  C. 

Percent- 
age of 
absolute 
alcohol  by 
weight. 

Percent- 
age of 
absolute 
alcohol  by 
volume. 

0.9399 

39.85 

47.18 

0.9349 

42.33 

49.86 

0.9299 

44.68 

52.34 

8 

39.90 

47.24 

8 

42.38 

49.91 

8 

44.73 

52.39 

7 

3995 

47.29 

7 

42.43 

49.96 

7 

44.77 

52.44 

6 

40.00 

47.35 

6 

42.48 

50.01 

6 

44.82 

52.48 

5 

40.05 

47.40 

6 

42.52 

50.06 

5 

44.86 

52.53 

4 

40.10 

47.45 

4 

42.57 

50.11 

4 

44.91 

52.58 

3 

40.15 

47.51 

3 

42.62 

50.16 

3 

44.96 

52.63 

2 

40.20 

47.56 

2 

42.67 

50.21 

2 

45.00 

52.68 

1 

40.25 

47.62 

1 

42.71 

50.26 

1 

45.05 

52.72 

0 

40.30 

47.67 

0 

42.76 

50.31 

0 

45.09 

52.77 

0.9389 

40.35 

47.72 

0.9339 

42.81 

50.37 

0.9280 

45.55 

53.24 

8 

40.40 

47.78 

8 

42.86 

50.42 

70 

46.00 

53.72 

7 

40.45 

47.83 

7 

42.90 

50.47 

60 

46.46 

54:i9 

6 

40.50 

47.89 

6 

42.95 

50.52 

50 

46.91 

54.66 

5 

40.55 

47.94 

5 

43.00 

50.57 

40 

47.36 

55.13 

4 

40.60 

47.99 

4 

43.05 

50.62 

30 

47.82 

55.60 

3 

40.65 

48.05 

3 

43.10 

50.67 

20 

48.27 

56.07 

2 

40.70 

48.10 

2 

43.14 

50.72 

10 

48.73 

56.54 

1 

40.75 

48.16 

1 

43.19 

50.77 

00 

49.16 

56.98 

0 

40.80 

48.21 

0 

43.24 

50.82 

0.9379 

40.85 

48.26 

0.9329 

43.29 

50.87 

0.9190 

49.64 

57.45 

8 

40.90 

48.32 

8 

43.33 

50.92 

80 

50.09 

57.92 

7 

40.95 

48.37 

7 

43.39 

50.97 

70 

50.52 

58.36 

6 

41.00 

48.43 

6 

43.43 

51.02 

60 

50.96 

58.80 

5 

41.05 

48.48 

5 

43.48 

51.07 

50 

51.  .38 

59.22 

4 

41.10 

48.54 

4 

43.52 

51.12 

40 

51.79 

59.63 

3 

41.15 

48.59 

3 

43.57 

51.17 

30 

52.23 

60.07 

2 

41.20 

48.64 

2 

43.62 

51.22 

20 

52.58 

60.52 

1 

41.25 

48.70 

1 

43.67 

51.27 

10 

53.13 

60.97 

0 

41.30 

48.75 

0 

43.71 

51.32 

00 

53.57 

61.40 

0.9369 

41.35 

48.80 

0.9319 

43.76 

51.38 

0.9090 

54.00 

61.84 

8 

41.40 

48.86 

8 

43.81 

51.43 

80 

54.48 

62.31 

7 

41.45 

48.91 

7 

43.86 

51.48 

70 

54.95 

62.79 

6 

41.50 

48.97 

6 

43.90 

51.53 

60 

55.41 

63.24 

5 

41.55 

49.02 

5 

43.95 

51.58 

50 

55.86 

63.69 

4 

41.60 

49.07 

4 

44.00 

51.63 

40 

56.32 

64.14 

3 

41.65 

49.13 

3 

44.05 

51.68 

30 

56.77 

64.58 

2 

41.70 

49.18 

2 

44.09 

51.72 

20 

57.21 

65.01 

1 

41.75 

49.23 

1 

44.14 

51.77 

10 

57.63 

65.41 

0 

41.80 

49.29 

0 

44.18 

51.82 

00 

58.05 

65.81 

0.9359 

41.85 

49.34 

0.9309 

44.23 

51.87 

0.8990 

5S.50 

66.25 

8 

41.90 

49.40 

8 

44.27 

51.91 

80 

58.95 

66.69 

7 

41.95 

49.45 

7 

44.32 

51.96 

70 

59.39 

67.11 

6 

42.00 

49.50 

6 

44.36 

52.01 

60 

59.83 

67.53 

5 

42.05 

49.55 

5 

44.41 

52.06 

50 

60.26 

67.93 

4 

42.10 

49.61 

4 

44.46 

52.10 

40 

60.67 

68.33 

3 

42.14 

49.66 

3 

44.50 

52.15 

30 

61.08 

68.72 

2 

42.19 

49.71 

2 

44.55 

52.20 

20 

61.50 

69.11 

1 

42.24 

49.76 

1 

44.59 

52.25 

10 

61.92 

69.50 

0 

42.29 

49.81 

0 

44.64 

52.29 

00 

62.36 

69.92 
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Gravity 


BpeoiflO 

gravitv  ut 

PercenU 
w  
abiolnte 
ilcohol  by 
weight. 

ulroliol  by 
volmm-. 

gravity  at 

abioluta 

ulriihol  by 

weight. 

Pcrcent- 

;r_',    Of 
absolute 
tlcubol  by 

roltune* 

Specific 

abiolute 

ali-.iliul  bv 

Percent* 

a.'.-  Oi 

abNolute 

alciihnl  by 
vulume. 

O.SS90 

62.82 

70.85 

40 

77.71 

83.60 

O.S190 

01.M 

04.26 

80 

70J7 

30 

78.12 

88.94 

M  1 

91.71 

70 

71.17 

20 

70 

92.07 

94.76 

60 

r,U:>, 

71.58 

10 

78.92 

60 

95.03 

60 

64.67 

71.98 

00 

79.82 

60 

92.81 

96.29 

40 

66.00 

72.38 

40 

93.18 

96.66 

30 

66.42 

72.77 

0.8490 

79.72 

85.26 

30 

98.66 

20 

66.88 

73.16 

80 

so.  i:s 

86.68 

20 

96.06 

10 

66.26 

73.54 

70 

80.54 

85.94 

10 

94.28 

96.82 

00 

66.70 

73.93 

60 

80.96 

86.28 

00 

96.56 

60 

81.36 

0.8790 

67.13 

74.33 

40 

81.76 

86.98 

0.8090 

9  1.97 

' 

96.78 

80 

67.64 

74.70 

30 

82.15 

87.24 

80 

70 

67.90 

76.08 

20 

82.54 

87.55 

70 

95.68 

97.27 

60 

88,88 

76.48 

10 

82.92 

87.85 

60 

97.51 

60 

68.79 

00 

83.31 

ss.l.; 

50 

96.37 

97.73 

40 

69.21 

76.20 

40 

90.70 

30 

69.63 

76.57 

0.8390 

s:{.<»9 

88.46 

30 

97.03 

98.16 

20 

70.04 

76.94 

80 

84.08 

88.76 

20 

97.37 

98.37 

10 

70.44 

77.29 

70 

84.48 

89.08 

10 

97.70 

98.60 

00 

70.84 

77.64 

60 

84.88 

89.39 

00 

98.03 

98.80 

50 

85.27 

89.70 

0.8690 

7  1.25 

78.00 

40 

85.65 

89.99 

0.7990 

9s.:si 

98.98 

80 

71.67 

78.36 

30 

86.04 

90.29 

80 

70 

72.09 

78.73 

20 

86.42 

90.58 

70 

98.97 

99.35 

60 

72.52 

79.12 

10 

86.81 

90.88 

60 

99.29 

60 

72.96 

79\50 

00 

87.19 

91.17 

50 

99.61 

99.75 

40 

73.38 

79.86 

40 

30 

73.79 

80.22 

0.8290 

87.58 

'•I    HI 

20 

74.23 

80.60 

so 

87.96 

91*75 

0.7939 

99.97 

99.98 

10 

74.68 

81.00 

70 

88.36 

Alxolut'' 

Alcohol. 

00 

76.14 

81.40 

60 

88.76 

92.86 

0.793s 

100.00 

100.00 

50 

92.66 

0.8590 

7.  ">.."»  9 

81.80 

40 

s«.).f>4 

92.94 

so 

70.04 

82.19 

30 

89.92 

70 

76i46 

82.54 

20 

90.29 

93.49 

60 

76.88 

82.90 

10 

90.64 

93.76 

60 

77.29 

83.25 

00 

91.00 

94.00 
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tt-Brom-naphthalene,  376. 
Ai-etat'-  of  ir.'ii. 
of  lead,  S37. 
of  linn-,  brown,  335. 

-ray,  335. 

An -i ates,  crude,  analysis  of,  338. 
Acetic  acid,  330. 

glacial,  335,  337. 
in  vinegar,  determination  of,  236. 
process  for,  335. 
Acetone,  330,  337. 

determination  of,  in  wood-spirit,  339. 
use  in  \arni.-h,  98. 
•phenone,  385. 
Acid,  acetic,  330. 

-laeial,  335,  337. 
process  for,  336. 
benzoic,  384. 
carbolic,  359. 

gallic,  384. 

hydrochloric,  454. 

nitric,  454. 

palmitic,  64. 

phthalic,  384. 

picric,  393. 

pyrolignwms,  330. 
analysis  of,  338. 
products  of,  337. 

sludir--.  28. 

iteanc,  - 

sulphuric,  454. 
Acidity  of  tan-liquors,  321. 
Acids,  action  of,  upon  starch,  163. 

amidoazo-sulpnonic,  395. 

aromatic,  ana  aldehydes,  384. 
manufacture  of,  388. 

free,  intimation  of,  in  wines,  205. 

naphthalene  sulphonic,  381. 

iion-volatilr.  estimation  of,in  wines,  205. 

o\\  a/.oMilphonic.  :!!•»;. 
•lie,  :',!»4. 

iulpho-,881. 

volatile,  estimation  of.  in  wines,  205. 
Acrid  in.-. 

manufai  turc  of,  390. 
a-Dinitronaphthaleiie,  :',7'.'. 
Adulterations  of  caoutchouc,  110. 
Aerated  bread.  ±>3. 

to,  278 

A«;ar-ai;ar.  ".'Jl'. 
Albertite.  26. 
Albert  mineral,  16. 


Albumen,  blood,  469. 

Albuminoids,  estimation  of,  in  milk,  255. 

Alcohol,  217. 

in  beer,  determination  of,  191. 
in  •— i-ntial  oil-,  .l.-ti-cti.mof,  106. 
in  wines,  determination  of,  208. 
methyl,  3:i(».  837. 

determination    of,    in    wood-spirit, 

339. 

use  in  varnish,  98. 
tables.     See  Appendix. 
Alcoholic  beverages,  217. 

fermentation,  conditions  of,  179. 

Set-  /  •'/on. 

liquid,  distillation  of,  211. 
liquids,  207. 

liquors,  composition  of,  220. 
strength  of  liquors,  determination   of. 

221. 

Aldehydes,  aromatic,  90. 
aromatic  acids  and,  384. 
benzoic,  384. 
Ale,  187. 
Al«-iir.. in. -t«T,  Holand,  229. 

Aleuro* 

Alizarin,  303,  399. 

blue,  399,  465. 

colors  of,  in  printing,  470. 

dyeing,  i 

manufacture  of,  389. 

orange,  399. 
Alkali  blue,  392. 
Almond  oil,  47. 
Alpaca  fibre,  294. 

microscopic  appearance  of,  294. 
Alumina,  acetate  ,,f,  469. 

mordants,  456. 

sulpln>-a< date  of,  456. 
Aluminum  acetate.  337,  456. 

sulphate  of,  4 
Amber,  91,  97. 
American  and   Russian  oils,  viscosity  table. 

30. 
Amidoazo  dyes,  396. 

Milpbon'ic  acids,  396. 
Amido-benzene,  379. 

toluene,  379. 

xylene.  :JHO. 
Amine  derivatives,  379. 

dye-colors,  392. 
Ammonia,  353. 

alum,  456. 

liquor,  valuation  of,  368. 

salts  of,  355. 

still,  355. 
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Ammoniacal  liquor,  treatment  of,  353. 
Ammonium  sulphate,  355,  356. 
Analysis  of  artificial  dyes,  405,  406. 

of  beer,  190. 

of  bone-black,  156. 

of  butter,  256. 

of  cheese,  259. 

of  commercial  glucose,  173. 

of  crude  acetates,  338. 

of  dextrine,  173. 

of  dynamite,  82. 

of  glucose,  173. 

of  glycerine,  81. 

of  malt,  188. 

of  maltose,  173. 

of  molasses  and  syrups,  154. 

of  natural  gas.     See  Illuminating  Gas. 
gases,  table  of,  14. 

of  nitro-cellulose,  288. 

of  nitro-glycerine,  81. 

of  oils  and' fats,  methods  for,  72. 

of  oleomargarine  butter,  252. 

of  petroleum,  32. 

of  pyroligneous  acid,  338. 

of  raw  sugar,  153. 

of  soaps,  78. 
table  of,  70. 

of  starch.  171. 

of  sugar-beets  and  juices,  155. 

of  sugar-canes,  113. 
and  juices,  155. 

of  sugar-scums,  press-cakes,  etc.,  157. 

of  tanning  materials,  319. 
Analytical  tests  and  methods,  sugar,  149. 

of  essential  oils,  106. 
a-Naphthol  orange,  396. 
Anatomical  structure  of  hides,  305. 
Aniline,  379. 

black,  393,  461. 

printing  of,  472. 

blue,  392. 

dye-colors,  392. 

manufacture  of,  385. 

oil,  357,  386. 

salt,  379. 

yellow,  395. 
Animal  hair,  varieties  of,  294. 

oils,  fats,  and  waxes,  48. 
Anime,  91,  97. 
Anisol  red,  396. 
Annatto,  423. 

adulterants  of,  440. 
Anthracene,  353,  362,  374. 

brown,  399. 

derivatives,  377. 

dyes,  399. 

in  tar  and  pitch,  367. 

oil,  353,  361. 

series,  374. 

sulphonic-acids,  381. 

tests  of,  367. 
Anthracite  coal,  340. 
Anthragallol,  399. 
Anthrapurpurin,  399. 
Anthraquinone,  363,  385. 

monosulphonic   acid,    manufacture   of, 
389. 

sulphonic  acid,  382. 


Anthraquinones,  manufacture  of,  389. 
Antichlor,  277. 
Antimony  mordants,  457. 

oxymuriate  of,  457. 
Apparatus  for  determining  flashing  point  of 

petroleum,  34. 

Appert's  process  for  preserved  milk,  244. 
Appolt's  oven,  348. 
Arabic,  gum,  91. 
Archil.     See  Orseille. 
Ardent  spirits,  206. 
Argol,  194,  202. 
Armour,  P.  D.,  testimony  of.     See  Artificial 

Butter. 

Armstrong,  test  of  temperature,  108. 
Aromatic  acids  and  aldehydes,  384. 
manufacture  of,  388. 

aldehydes,  90. 
Arrack,  218. 

Arrow-root,  varieties  of,  161. 
Artificial  butter,  246. 

manufacture,  66. 

coloring  matters,  372. 
bibliography  of,  417. 
statistics  of,  417,418. 

dyes,  tests  of,  400. 

indigo,  398. 

vaseline,  32. 
Ash,  of  flour,  determination  of,  230. 

of  wines,  determination  of,  204. 
Asphalt,  16,  97,363. 

Cuban,  16. 

pavements,  26. 

Trinidad,  26. 

Asphalts,  treatment  of,  26. 
Assouplissage.     See  Silk-bleaching. 
Astatki,  22. 

Atlus  powder,  composition  of,  72. 
Auramine,  393. 
Aurantia,  394. 
Azarin,  396. 
Azines,  393. 
Azo  blue,  398. 

dye-colors,  395. 

dyes,  supplementary,  398. 
Azococcin  2K,  396. 
Azorubin  S,  396. 


Bagasse,  118. 
Bag-filters,  128,  130. 
Baking,  226. 
Baking-powders,  225. 
Balance,  Westphal,  74. 
Balata,  94. 
Balsams,  91. 
Barkometer,  use  of,  319. 
Barlow's  kiers,  450. 
Bar  wood,  419. 

Bases,  pyridine  and  quinoline,  382. 
Bastards.     See  Raw  Sugars. 
Bast  fibres,  262. 
Bastose,  262. 
Bate  liquor,  314. 
Battery,  diffusion,  133. 
Baume  and   Beck's  scales,  comparison  of, 
483. 
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Baume    MM.;     Briv.    :u  d  l\    de- 

irn-e-.  c.'iiipariMiii  of,  4H7 

;<>nal.  and    Tuaddli-  ||  Ut 
.-oil   ni'.     I 

Baume  .-    -eale,    li<iuid    lighter    than    water, 

Paper-mat 

Berelii  i  t.-t  f,,r  ,-,,tt.  !,  78. 

Berk1-    Kftle,     Bauine    and,    o-mparison    of, 

\e  ovens, 

:.cidit\  of,  r.'L'. 

adulteration-  of.   192. 

analysis  of.  1 

ferment.   177. 

pre-ervation  <»(',  187. 

\\ort-,  >peeitic  gravity  of,  190. 

.  onipo-ition  of,  iss. 
.  ax,  4'.». 
-root  molassef,  139. 

;--ar.  diagram  <>f  working,  136. 

production  of,  130. 

>l:itiMi.-s  of,  100. 
H.-II  "il.  -17. 
Benzal-chloride,  376. 

lU'li/aldrhydr.  385. 

en,  892. 

ie,  L':J,  330,  372. 

ainido,  :',7'.». 
d.-cdori/ation  of,  23. 


distillate,  'J2. 
•  li-ulphoiiic  acid,  381. 
Imlo-iMi  <lcrivativcs  of,  375. 
MTJCS,  ;>72. 
shall-  oil,  31. 
Mill,  358. 

sulphonic  acid,  381. 
r  dichloride,  376. 
897. 

OlC  acid,  384. 
ald-hydc,  384. 
Bi-n/.ol,  :;(';4,  372. 
rrudr,  853. 

lifty  percent.,  357,  373. 
niiH'ty  prr  rt-nt.,  357,  372. 
thirty  p.-r  ••••nt.l  373. 
Is,  property  <>f,  373. 
Benzophenone, 

purpurin,  398. 
Benzo-tricbloride,  ::7»;. 
Benzyl-chloride, 

phthol-disulphonic  acids,  382. 

i-ranii-f. 

/3-Naphtbyl-bromide,  377. 
onloi 

Berries.   Pcr-ian. 

B.-vt-ra^c-.  alcoliulic,  manufacture  of,  217. 

Bil.li..-ra|.liy,  animal  lil.n-s,  302,  303. 

artificial  cnlurini;  matter,  417. 

hleaehin-,  dyinu'.  and  textile 
47"». 

de~tnu'tive  distillation,  369,  370. 

essential  oil-  and  re-in>,  110. 

fat-  and  tatty  oil-,  82. 

fermentation  industries,  237. 

gelatine,  827. 

glue,  327. 


.  l.-ath.-r.  327. 

and   ' 
milk  nidi. 
natural  «-..l..rii. 
pi-ti-.ili-uin  and  minend  nil.    JL' 

-iii^ar.  159. 

\S  1! 

Biehrieh  -carlet,  397. 

it,  hard.  'J 
Bismarck  l>ro\vn. 

'iff- 

I'litnmen,  16. 

Bitumens,  asphalts,  and  bituminous  shales, 
prod 

Bituminou-  -hale-  and  >hal«-  <>il  .-tati.-tics,  45. 

Bla.-k,  aniline.  :;:..;,   },,]. 
bread,  224, 

iron  liquor,  1 
japan,  I1 
lamp 
naphthol,  397. 

wool,  397. 

Blanket-scum.  H'L'. 
Blasting  gelatin- 
Bleach,  madder.   11^ 
Bleached  lac.     See  Lac. 
I'deachin^  a 

jut'-. 

linen,  •}•'.!. 

Lunge's  process,  451. 

Mather-Th»mp-i>n's  process,  450. 

See  Paper*vnafa*g}  275. 

silk.  oOO. 

SU^ar.  H'2. 

textile.  417. 

wool. 

Block  paraffim-. 
Bloom.  30. 
Blotting-paper,  281. 
Blue,  aniline.  392. 

alizarin, 

alkali,  392. 

a/.o.  398. 

Boili-y's.     See  Saxony  Blue. 

diphe'nylamiiu',  392/ 

dyet,  natural,  424. 

dyestufi,  pro«iu,-ts  of,  436. 

ethylene. 

lliethvleiie.   8 

Nicholson's,  392. 
oil,  25. 

\va 

Blum,  (Jrunel.eix  and,  ammonia  still,  355. 
Bock-beer,  188. 
Bo-h-ad  coal,  IM. 

1-otf  .-ilk,  296,  299. 
Boiled  oil,  69. 

Bc-ilev  s  blue.     See  Saxony  Blue. 
Boiling  of  su^ar  juice.  I'jo. 

point  of  pi-troleum.     See  Fire-test. 

See  Paper-making. 
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Bone-black,  analysis  of,  156. 

exhausted,  148. 

filters,  122,  130. 

revivification  of,  143. 

washer,  Klusemann,  143. 
Bone  fat,  49. 

glue,  325. 
Bones,  322. 

Brandies,  factitious,  207. 
Brandy,  207,  218. 

pale,  218. 

white,  218. 
Brazil-wood,  419. 
Bread,  adulterations  of,  230. 

aerated.  223. 

black,  224. 

making,  222. 

process  of  manufacture,  228. 

table  of  composition  of,  227,  228. 

tests  of,  230. 

varieties  of,  223. 

yield  of,  to  flour,  226. 
Brilliant  crocein,  397. 

Ponceau  4R,  396. 
Briquettes,  363. 
British  gum,  170. 
Brix,  Baume,  and  specific  gravity  degrees, 

comparison  of,  487,  493. 
Bromine,  absorption  of,  by  resin,  109. 
by  turpentine,  108. 

and  iodine,  absorption  of,  by  fats  and 

oils,  75,  76,  77. 
Brown,  alizarin,  471. 

anthracene,  399. 

coal,  341. 

dyes,  natural,  427. 
products  of,  439. 

fast,  397. 

G,  acid,  397. 

phenyl,  394. 

phenylene,  395. 

resorcin,  397. 

Soudan,  396. 

Bucking.     See  Bleaching. 
Bullock's  blood,  defecating  raw  sugar  with, 

128. 

Burmese  lacquer,  94. 
Burning  naphtha,  357. 

oil,  29. 

grades  of,  29,  30. 

springs,  13. 
Butter,  244,  251. 

analyses  of,  251. 

analysis  of,  256. 

artificial,  246. 

manufacture  of,  66 

cacao.  47. 

coloring  matter  of,  259. 

fat,  48. 

substitutes,  251. 
Butterine,  246. 
Button-lac.     See  Lac. 


C. 

Cacao  butter,  47. 

Cachou  de  laval,  400. 

Calorisator.     See  Beet-sugar  Production. 


Camel's  hair,  294. 
Camphor,  91. 

statistics  of,  111. 
Cam- wood,  419. 
Canadian  oil,  treatment  of,  24. 
Canadol,  29. 
Canarin,  400. 
Candle  manufacture,  62. 
Candles,  71,  88. 
Cane-shredder,  118. 
Cane-sugar,  determination  of,  151. 

diagram  of  production,  121. 

industry,  113. 

production  of,  117. 

statistics  of,  159. 

syrups,  molasses  and,  146. 
Canna  arrow- root,  161. 
Cannel  coal,  341. 
Caoutchouc,  93. 

and    gutta-percha,   processes  of   treat- 
ment, 99. 
tests  of,  110. 
Caramel,  detection  of,  222. 

in  vinegar,  236. 

See  Sugaj*-coloring. 
Carbohydrates,  unfermentable,  171. 
Carbolic  acid,  359. 

varieties  of,  359. 

oil,  353. 

Carbon,  fixed,  340. 

Carbonate  of  lime,  use  of,  in  sugar  diffu- 
sion, 120. 

Carbonates,  estimation  of,  in  dyes,  405. 
Cardboard,  281. 
Carmine.     See  Cochineal  Preparations. 

naphte,  396. 

preparation  of,  432. 
Carnauba  wax,  48,  87. 
Cashmere,  294. 
Cassonade.     See  Raw  Sugars. 
Castor  oil,  46. 

"  Catch-alls."     See  Yaryan  Evaporator. 
Catechu,  307,  427,  439,  457. 

extract,  valuation  of,  442. 
Cedrenes,  90. 
Celluloid,  270,  284,  287. 

manufacture  of,  286. 
Cellulose  in  flour,  determination  of,  228. 

stages  of  nitration,  284,  285. 
Centrifugals  for  sugar,  125. 
Ceresine,  25,  31. 

uses  of,  31. 

white,  26. 

yellow,  26. 

Chamois  leather,  316,  318. 
Champagne  wines,  200. 
Champagnes.     See  Effervescing  Wines, 
Chapapote,  16. 
Charcoal,  331,  338. 
Cheese,  252. 

analyses  of,  253. 

analysis  of,  259. 

classes  of,  249. 

making,  248. 

ripening  of,  249. 

varieties  of,  252. 
Cheese-box  stills,  20. 
Chemic  blue.  See  Saxony  Blue. 
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Chemical  character  ..|'  ..iU  and  fat-,  49. 

determination  of  can.  --n—u-.  \->\. 

retting.      Bee  i'lu.r. 

W'-od-pulp,      micr..M'«.pic       r.-:itiir. 

282 
Chestnut-* 

Cheu  in^-iMiin-.  ::  1 

China-; 

mi.To.-copical  appearance  of,  268. 

Chilie-e    Uleell.         Sr.-    L>,  kiln. 

\\a\.  4'.' 

Chinolinc.      Set-  (Jniti'>linf. 
Chloride  of  linn-.  453. 
Chlorophyll, 

(  'hrome-alum,    i 
Chromium  mordant-,  467. 


Chromophor  groups,  :'.!•!. 

Chry.-amin. 

Chrv.-eiie.  :575. 

Chiysoidine,  395. 
Cider,  282. 

v  in-  -gar.  235, 

manufacfem  ..f,  234. 

Cingale>e  :nul  Indian  lacquer,  94. 
Clayed  .-iiijar-.  See  Ran'  Sugars. 
Cloth  red  (;,  397. 

wooll.Mi.  >r.  Hiring  of,  297. 
I'nal,  anthracite,  340. 

bituminous,  340. 
bead,  is. 

brown,  341. 

fannol,  341. 

coke-oven  distillation  of,  347. 
-ivtort  di-tillation  of,  344. 
Coals,  coking,  341. 

effects  of  ti'inpi'ratuiv  upon,  \\\~2. 

non-coking,  341. 
(  oal-tar  ••••lors,  solution  of,  459. 

diagram  of  treatment,  3"»4. 

dyes,  idcntiHcation  of,  402,  404. 
action,  >tatistics  of,  370. 

products  of,  356. 

>tati>tic>of,  370. 

separation  (»f  rrude,  350. 
Cochineal,  422. 

animoniacal,  preparation  of,  432. 

carmine.  435. 

preparation-,  435. 

M-arl.-t  I'll. 

valuation  of,  442. 
-r,ut  liluv.  -jr,'.). 

«.il.  47,  83. 
Cod-liver  oil,  49,  86. 
C.i-nilein. 


imitations  of,  218. 
Coir  til.  iv.  : 
CoU.--.ivrn  di-tillation  of  coal,  347. 

OTent,  varieties  of,  348,  350. 

Coke,  prtroli-un. 

al,  >tati-tics  ..f.  370. 


table  of. 
Cold  test,  determining  <>f,  in  lubricating  oils, 

37. 

Cold-water  retting.      SIM-  Max. 
Collodion,  270,  284,  287. 


manufacture  ..f,  286. 

Colopl 

Colorimet:.  p  tr-leum,  41. 

ColunmeMA  ,    KM. 

C..loni 

in  win.->,  208. 

•  .f  b 

ntiUiral,  appb 

bibliography  <•: 

nature  «•!'.  |,,|-  paper,  284. 

P"! 

sugar,  maim:  \t'iS 

-mixing,  tlncU.  1  in,  469. 

Color-pan-, 

Color-,    minei-al,    application    «.ff    in 
piintinir,  471. 

nu-cellaneou-,  399. 

u-ed  in  \  arnishes,  98. 
Col/a  oil,  47. 
Coinjire--ed  yea-t,  chai  a.-ti-ri-tics  of,  225. 

Compression  te-t  »i'  p:. ratlin-,  40. 

Concentration  of  rau   lUgafS,   lL'7. 

(',,[),  -r.-te. 

('oiiert-ti.r,  Fryer,  127. 

Condensation!  fmctional,  211. 

Conden-ed    Ulllk, 

analy.-e>  of,  250. 

manufacture  <•:, 
Conditioning  silk. 
Congealing  point  of.  paratline.     See  Melting 

Pbtnt 
('<»ii go  group  dyes,  397. 

red,  3«.»7. 

Continuous  distillation  of  petroleum, 
Copal,  91,  97. 
CoppiVs  oven,  348. 

Copper  a<  etate,  337. 

mordants,  457. 

nitrate  of,  457. 

sulphate  ..f,  457. 

wall  (Miga 
Coppera-,  4"i»'i. 
Corallin,  ivd,  394. 

yellow,  • 
Cordials,  2 
Corn  spirit,  *J«n;. 

.-tarch,  manufacture  of,  163. 
Cotton,  application   of  artificial   colors  to, 
i';<>.  4»;i. 

black  seed,  264. 

bleaching,  448. 

dyeing,  459. 

fibre,  263. 

ginning,  263. 
•  M  »-.-d,  'J04. 

microscopic  aj)p<anince  of,  268. 
features  ..f,  282. 

tea-island, 

statistics  of,  289,  290. 

Cottom/.ed  ramie,  268. 
Cotton-ei-d,  diagram  of  utilization  of,  69. 
oil.  4»J.  84. 

iifl  te-t  for,  78. 
Cow'-  milk.  242, 
Crackers.  L'L'^ 

( 'rt«te  Petroleum. 
Cream.  I'll'. 
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Cream,  analysis  of,  245. 

of  tartar,  202. 

separator,  245. 
Creamometer,  use  of,  2oo. 
Creosote,  338. 

oil,  336,  360. 

oils,. tests  of,  366. 

wood,  330. 

wood-tar,  tests  of,  340. 
Cresol,  330. 
Crocein,  brilliant,  397. 

orange,  396. 

scarlet  3B,  397. 
Crofting.     See  Bleaching. 
Crown  leather,  318. 
Crude  benzol,  353. 

paraffine,  16. 

petroleum,  14. 
process,  18. 

table  of  distillation  of,  18. 
Cuban  asphalt,  16. 
Cudbear,  435. 

See  Orseille. 

Cuisinier,  Dubrunfaut  and,  process  for  mal- 
tose, 167. 

Curcuma  arrow-root,  161. 
Curd,  242. 
Cutch,  457. 
Cyanine,  398. 
Cylinder  oil,  30. 

filtered,  25. 
Cymogene,  23,  29. 

D. 

Dammar,  92,  97. 

varnish,  98. 
Danforth's  oil,  29. 
Dead  oil,  353. 

Defecation  of  sugar  juice,  120. 
Defibrator,  118. 
Degraissage.     See  Silk-scouring. 

See  Wool-scouring. 
Degras,  318. 

Dehairing  of  hides.     See  Leather. 
Demerara  crystals.     See  Raw  Sugars. 
Dental  rubber.     See  Vulcanite. 
Deodorization  of  benzene,  23. 
Deodorized  benzene,  29. 
Destructive  distillation,  329. 

bibliography  of,  369,  370. 
Desuintage.     See  Wool-scouring. 
Determination  of  invert  sugar  and  glucose, 
152. 

of  sucrose,  149. 
Dew  retting  (see  Flax),  265. 
Dextrine,  162,  163,  170. 

analysis  of,  173. 

estimation  of,  in  dyes,  406. 

manufacture  of,  168. 
Dextrose,  163. 
Diagram  of  composition  of  sugar-beet,  115. 

of  petroleum  distillation,  19. 

of  production  of  cane-sugar,  121. 

of  tanning  process,  313. 

of  treatment  of  coal-tar.  354. 

of  utilization  of  a  fat,  58. 
of  cotton-seed,  69. 


Diagram  of  wood-tar  treatment,  334. 

of  working  beet-sugar,  136. 
Diastase,  176. 
Diazo-amido  benzene,  384. 
compounds,  384. 

benzene  chloride,  383. 
sulphonic  acids,  384. 

compounds,  383. 
Diazotizing,  process  of,  391. 
Dibrom-anthracene,  377. 
Dichlor-anthracene,  377. 
Diffusion  battery,  133. 

working  of,  134. 

of  sugar-beets,  Robert's  method,  131. 

process  for  sugar-beet,  119. 
Dimethyl-aniline  orange,  395. 

benzene  (see  Xylene). 

naphthalene,  374. 
Dinitrobenzene,  377. 
Dinitrotolucnes,  378. 
Dioxy-benzene,  380. 
Diphenylamine  blue,  392. 

orange,  395. 

Diphenylen-methane,  375. 
Direct  printing,  467. 
Disazo  dyes,  397. 
Discharges,  4f>7,  468. 
Diseases  of  wines,  treatment  of,  195. 
Distillation,  destructive,  329. 

of  coal,  gas-retort,  344. 

of  essential  oils,  89. 

of  petroleum,  continuous,  22. 

of  resins  for  varnish,  97. 

of  wood,  331. 
Distilled  liquors,  classes  of,  207. 

manufacture  of,  206,  208. 

spirit,  rectification  of,  214. 

spirits,  fermentation  of  wort,  209. 

preparation  of  wort,  208. 
Distiller's  side-products,  221. 
Divi-divi,  308. 

Dog's  dung,  use  of,  in  tanning,  314. 
Double-effects.     See  Vacuum-pan. 
Drum- washers,  274. 
Drying  oils,  50. 
Dry  wine,  199. 
Dualine,  72. 

Dubrunfaut  and  Cuisinier,  process  for  mal- 
tose, 167. 

Duchassing's  maceration  process.    See  Sugar. 
Durgen  system.     See  Starch. 
Dye-colors,  amine  and  aniline,  392. 

azo,  395. 

natural,  419. 

phenol,  393. 
Dyed  alizarin,  473. 

colors,  467,  470. 

fibres,  examination  of,  406,  416. 
Dyeing,  458. 

adjective,  455. 

alizarin,  462. 

apparatus  used  in,  458. 

jute,  463. 

linen,  463. 

silk,  466. 

substantive,  4A5. 

textile,  447. 

wool,  464. 
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unidoaxo, 

analysis  of,  405,  406. 
artificial  100 

diM 

mixture,  of,  402. 
mon 

!  '      -trials,  comparative,  400,  401. 

\\ood  extra, 'H,  manufacture  nf,  429. 

test  ..r.  i 

Dy-w.M.tU,  curing  of,  427. 
cuttin-  of,  4L'7. 
red,  dyeing  with,   I 
•i-t'irs  <>f.    ! 

UM  of,  in  textile  printing,  471. 

Dynainitf,  72. 

analy>is  of,  82. 

uill«',   72. 

nitro-glycerine  and,  67. 


E. 


Earth-wax,  16. 

Bora  >ilk,  2 

Ei-1-.  vinegar,  234. 

Ktr.Tve-rinu;  wines,  197. 

Dectrio-lignt  carbons  from  natural  gas  car- 

1...M,    2!». 

from  petroleum  coke,  25. 
El.vtrolytic  bleaching,  451. 
Elation   process  for  molasses  of  Scheibler- 

Seyferth,  140. 
Kiiiulsiiie,  17*1. 
Enamelled  leather,  317. 
Fiith-unt^e,  31,  95. 
Engine— i/.ini:,  278. 

894. 

Erd.  el,  14. 

Kryth rosin.     See  Eosins. 
Esparto.  iv.  i. 

microsropir  features  of,  282. 
use  in  paper-making,  271. 
Essential  oils,  distillation  of,  89. 

and  resins,  products  of,  102. 
detection  of  alcohol  in,  106. 

of  lixed  oils  in,  10(5. 
iodine  absorption  of,  108. 
>tatiMics  of,  111. 
turpentine  in,  107. 
Ether,  petroleum-,  29. 

Kiln-real   -.-lit-,   90. 

Kthylene  blue,  396. 

Ethyl  ureei. 

Ethyl-naphthalene,  374. 

Kurhodines  and  satVanines.  393. 
K\h:iu-t«'d  b,.ni-  black,  148. 

n't.    MlHl.'\. 

in  vim-irar.  determination  of,  23G. 

in  wine-,  determination  of.  L' 
Kxtraetion  of  oils  and  fats,  51. 
Extractor,  dy-wood,  430. 

S,.xhlet,  73. 

Thorn,  73. 
Extracts,  Brazil-wood 

dye-wood,  manufacture  of,  429. 

odoriferous,  95. 


F. 


Farinofte.    See  Sr 
Fast  brown,  397. 
red  A,  396. 

I:    •:  -; 
I'   :?96. 

yeli 

butter,  48. 

256. 

in  tlour,  id  terminati 
in  milk.  . 
wool-,  298. 

Fats  and  fatty  oflt,  biblio«;n.pliy  of,  82. 
indn   | 

itetbtia  of,  82. 
and  oiU,  raw  materials, 
animal,  48. 

>aponilirati"i)  of,  .")"),  67. 
Fatty  nils,  aimlyi-  of.  7>. 
Fehlini;  s  >oluti..n.  1 
Feldmann's  amni'-nia  apparatus,  856. 
Fermentation,  coefficient  of  purity,  210. 
indu.-tries,  176. 

bibliography  of,  237. 
•tateoci  of,  288,  340. 
of  the  wort,  1 
stages  of  (\v..rt  i.  186. 

va:  176. 

Fermentations,     alcoholic,     conditions     of, 

179. 

Ferments,  acetic,  231. 
organized,  176. 
soluble,  176. 
Ferrous  sulphate,  456. 
Fibre.-    animal,  292. 

bibliography  of,  302,  303. 

statistics  of,  303,  304. 

and  vegetable,  distinctions  between, 

301. 
determination  of  mixed,  302. 

of  the  nature  of,  282. 
dyed,  examination  of,  406-416. 
special  te>ts  for,  301. 
vegetable,  classification  of,  262,  203. 
bibliography  of,  289. 
textile,  262. 
wool,  length  of,  292. 
Fibroin,  L' 

Fibro-vascular  bundles,  262. 
Fifty  per  cent,  benzol,  357,  873. 
Filled 
Filtered  cylinder  oil,  25. 

oik.  25, 

Filter-,  basr,  128-130. 
bone.filack,  122. 
Fire-test   of   petroleum,  determination    of, 

33. 

First  lieht  oil,  366. 
molasses,  138. 
runnings,  358. 
Fi.-h-bladJer,  322. 
gelatine,  326. 

manufacture  of,  325 
oil,  86. 
Fixed  carbon,  340. 

oils  in  essential  oils,  detection  of,  106. 
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Flashing  point,  apparatus  for  determining, 

34. 

of  petroleum.     See  Fire-test. 
Flavaniline,  398. 
Flavine,  preparation  of,  433. 

See  Quercitron. 
Flavopurpurin,  399 
Flax,  264. 

microscopic  appearance  of,  265. 

New  Zealand,  269. 

statistics  of,  290. 
Flour,  adulterants  of,  230. 

and  bread,  bibliography  of,  238. 

self-raising,  225. 

sources  of,  223. 

tests  of,  228. 
Fluoranthrene,  375. 
Fluorene,  375. 
Fluoreseein,  394. 
Flurt-silk,  301. 
Fourdrinier  machine,  279. 
Fryer  concretor,  127. 
Fuchsine.     See  Magenta. 
Fuel  gas  from  natural  gas,  28. 
Furfurol,  330. 

Fusel  oil,  determination  of,  222. 
Fustic  extracts,  435. 

old,  422. 

young,  423. 

G. 

Galician  ozokerite,  25,  31 

Gallein,  395. 

Gallic  acid,  384. 

Gallipoli  oil,  69. 

Gallisin,  171. 

Gallization  (wines),  197. 

Gallocyanin,  395. 

Galls  (see  Nutgalls),  309. 

Gambir,  307. 

Gas  coal,  statistics  of,  370. 

coals,  table  of,  341. 

fuels,  table  of  effects  of  different,  28. 

illuminating,  28. 
analysis  of,  368. 
composition  of,  347. 

liquor,  composition  of,  353. 

making,  use  of  paraffine  oil  in,  32. 

natural,  13. 

purifying,  Laming's  process,  346. 

retorts,  344. 
Gasolene,  23,  29. 
Gay-Lussac  scale,  and  absolute  specific 

gravity  figures,  comparison  of,  486. 
Gelatine,  bibliography  of,  327. 

blasting,  72. 

dynam'ite,  72. 

fish,  manufacture  of,  325. 

manufacture,  321. 
Giant  powder,  72. 
Gin,  219. 

Glauber's  salt,  estimation  of,  in  dyes,  405. 
Glucose,  analysis  of,  173. 

and  grape-sugar,  169. 

manufacture  of,  165. 

masse.     See  Glucose. 

vinegar,  235. 


Glue,  325. 

analysis  of,  326. 

bibliography  of,  327. 

industry,  statistics  of,  328. 

liquid,  326. 

manufacture,  321. 

of,  from  bones,  324. 

of,  from  leather  waste,  324. 

raw  materials,  322. 

process  of  manufacture,  322. 

vegetable,  322. 

Gluten  in  flour,  determination  of,  229. 
Glycerine,  88. 

analysis  of,  81. 

and  nitro-glycerine,  71,  72. 

determination  in  wines,  204. 

manufacture,  66. 

soap,  71. 

Golden  syrup.     See  Molasses. 
Gossypium  (see  Cotton  Fibre),  263. 
Grade  of  wool,  determination  of,  293. 
Grades  of  burning  oil,  29,  30. 

of  molasses,  138. 
Grain,  malting  of,  181. 

spirit,  206. 

Granulose.     See  Starch. 
Grape.     See  Wine  Manufacture. 
Grape-sugar,  Behr's  process,  167. 

glucose  and,  169. 

manufacture  of,  165. 
Green,  acid,  392. 

benzaldehyde,  392. 

dyes,  natural,  426. 

ethyl,  392. 

methyl,  393. 

naphthol,  394. 

seed  cotton,  264. 

syrup.     See  Molasses. 

vitriol,  456. 

Griineberg  and  Blum,  ammonia  still,  355. 
Guanaco  fibre,  294. 
Guarancine,  preparation  of,  432. 
Gum  arabic,  91. 

British,  170. 

resins,  91. 

Gums,  chewing-,  31. 
Gun-cotton,  280,  284,  287. 

manufacture  of.  285. 
Gutta-percha,  93,  105. 

and  caoutchouc,  statistics  of,  111. 

caoutchouc  and.  processes,  99. 
tests  of,  110. 

products,  India-rubber  and,  105. 

scrap,  use  of,  102. 

treatment  of,  101. 

vulcanization  of,  94. 

H. 

Haematein.     See  Indigo  Substitute. 
Hair,  animal,  varieties  of,  294. 

distinction  from  wool,  292. 
Half-stuff,  275. 

Hand  fleshing.     See  Leather  Manufacture. 
Hard  biscuit,"  228. 

rubber.     See  Vulcanite. 

soap,  59. 
Harness  leather,  314,  317. 
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Headlight  nil,  30. 

Heavy  Oil, 

Behner'i  al.-.,|,,,i  tabi, .  t"i 

Helianthin. 
Hemlock-bark,  307. 

H.-IIIJ.. 

.Manila,  microscopic  app- 

u-c  in  paper-making,  L'Tl 
micro-copic  appea- 
Jlempel  s  u:i-  apparatu-. 

llclllp-.-eed    nil,     1' 

Menders. >n'-  procett  l«>r  -hales,  -•'>. 
Hermite  pi-oce»  t'.ir  bleaching,  277,  461. 
ller/.feld  >  proeev-  t'.>r  malt">e,  168. 

Hide  glue, 
Hides, 

anatomical  >tructurc  of,  305. 
dehairin^  of.     See  Leather. 

lYoh 

green.  :;(!•;. 

manufacture  of  ^luc  from,  322,  324. 

varieties  of,  306." 
Hiirh-milling  prorex,  224. 
Holmann's  vi»lrt>,  893. 

Hollands.    Bee  ' 
Hop,,  180. 

analysis  <>f,  181. 
chestnut-bark,  307. 

Hubner  process  lor  shale  oil,  28. 
Huile  tournante,  69. 
Hydrated  soap,  59. 
Hydraulic  main,  345. 
Hydrocarbons,  illuminating,  16. 
Hydrogen  peroxide,  454. 

bleaching  oils  with,  55. 

UM-  of,  in  bleaching,  453. 

use  of,  in  wool-bleaching,  298. 

I. 

Illuminating  gas,  28. 

analysis  of,  368 
from'  natural  i;as,  17. 
hydrocarbons,  16. 
oil,  treatment  "f,  23. 
Imitation  wines,  198. 
Indian  corn,  J ebb  process  for  starch  from, 

164. 
India-rubber.     See  C<i<>xt<-h<»ir. 

and  gutta-percha  products,  105. 
Indi-o.  4iM,  459. 
artificial,  398. 

.  of;  443,  446. 
carmine. 

preparation  of,  433. 
commercial,  436. 
printing.  473. 
purple.  4::  I.   ! 

soluble.     , 

145. 

>tvl-  -        B<  •     r-.r-tUe  1'rinthn/. 

substitut. 

Imhdines. 
IndopbenoN.  895. 
Indulines,  393. 
I  mlu-try  of  fats  and  fatty  oils 

Ingrain  colon,  398. 

red.  403. 


Ink,  lii 

I  99. 

printing, 

wax.     S«-'  \\'ax. 

\  n\  entioii  of  vacuum-pan,  1'Jl. 
Invertin,  1 

•i'jar  and  u'lucosc,  determination  of, 

Iodine  absorption  by  eh>ential  oils,  108. 

ncti-n  up-n  -tan  h 

ip.n.  toetat 

tilings,  estimation  of,  in  dyes,  406. 
liquor,  :: 

bl 

nitnite  of,  467,  469. 
pyrulignite  of,  837. 
ndpbata  of.  i 


adulterated  with  glue,  326. 

Obii 

J 

Jaggery.     See  Raw  Sugars. 
Jameson  oven,  350. 
Japan,  use  of,  1<>  \. 

wax,  48,  87. 

.Japanese  and  Chinese  lacquer,  94. 
Japanning.     See  Japans. 
Jap:in>.   108, 

.lebl)  process.     See  Starch. 
.luic  -e-warmers.     See  Beet-sugar  Induction. 
Jute,  . 

bleaching,  452. 

dyeing,    i 

microM-oj.ic  appearance  of,  266,  267. 

u>e  in  paper-making,  271. 

K 

Kauri.     See  Ltimmar. 

Kermes,    1- 

Kerosene,  29. 

Ketones,  385. 

Kienoel,  331. 

Kino,  308,  4J7 

Kip-  'tea. 

K  ir-ch  wasser,  218. 

Klu-emann  bone-black  washer,  143,  144. 

Knoppern,  309. 

Koumiss,  253. 

L. 
Lac,  92. 

dye,  422. 
Lacquer,  Burnic- 

Cingalese  and  Indian,  94. 

Japanese  and  C'h;r. 

-bear,  187. 
Lamp-black,  29. 

from  natural  <;as,  17. 
Landbe<-k.  salicylic  acid  test  for  turpentine 

in  ev-ential  oils,  107. 
Lard  and  lard  oil,  48,  86. 

cheese,  249. 

Lauth's  dyes,  indophenols  and,  395. 
Lead,  acetate  of,  337. 

sugar  of,  337. 
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Leather,  bibliography  of,  327. 

chamois,  316,  318. 

crown,  318. 

enamelled,  317. 

harness,  314. 

industry,  305. 

statistics  of,  327,  828. 

manufacture  of,  309. 

morocco,  314,  317. 

oil-tanned,  316. 

patent,  317. 

products,  317. 

Russia,  317. 

sole,  317. 

"tawed,"  318. 

white-tanned,  318. 
Leaven,  224. 

Leeds's  scheme  for  analysis  of  soaps,  78-80. 
Lees,  wine,  202. 
Leguminous  starches,  161. 
Light,  fastness  of  dyes  to,  400. 
Lignin,  291,  329. 
Lignite,  341. 

use  of,  in  clarifying  sugar  juices,  122. 
Lillie  evaporator,  125. 
Lima  oil,  15. 

treatment  of,  24. 
Lima- wood,  419. 
Lime,  acetates  of,  337. 

brown  acetate  of,  335. 

carbonate  of,  use  of,  in  sugar  diffusion, 
120. 

gray  acetate  of,  335. 

or  strontia  methods  for  molasses,  pro- 
cesses based  on,  140. 

purifiers  for  gas,  346. 

use  of,  in  sugar  diffusion,  120. 
Lincrusta.     See  Oil-cloth. 
Linen  bleaching,  451. 

dyeing,  463. 

microscopic  features  of,  282. 
Linoleum.     See  Oil-cloth. 

oil-cloth  and,  104. 
Linseed  oil,  47,  85. 

caoutchouc,  105. 
varnishes,  95,  102.  . 
Liqueurs,  219. 
Liquid  glue,  326. 
Liquids,  alcoholic,  207. 
Liquors,  distilled,  manufacture  of,  206. 
Lithofracteur,  72. 
Lithographic  ink,  98. 
Litmus,  426,  438. 
Llama  hair,  294. 

Loading  materials,  nature  of,  for  paper,  283. 
for  paper,  278. 

sizing,  and  coloring  paper,  278. 
Logwood,  425,  460. 

black,  steam,  471. 

extract,  valuation  of,  441. 

extracts,  438. 

wool-dyeing  with,  464. 
Lokao,  426. 

Low-milling  process,  224. 
Low  wines,  219. 
Lubricating  oils,  30. 

determination  of  cold  test  of,  37. 
neutral,  30 


Lubricating  oils,  viscosity  of,  38. 

value  of  oils,  38. 
Lunge's  bleaching  process,  451. 
Lustre  wools,  293. 

M. 

Maceration     process,     Duchassing's.       See 

Sugar. 

Machinery,  cloth-dyeing,  459. 
Madder,  420. 

bleach,  448. 

flowers,  preparation  of,  432. 

preparations,  434. 
Magenta,  392. 

acid,  392. 
Magnesia,  sulphate  of,  estimation  in  dyes, 

405. 
Malt,  179. 

air-dried,  183. 

analysis  of,  188. 

and  beer  vinegars,  235. 

kiln-dried,  183. 

liquors,     industries      connected     with, 
179. 

vinegar,  manufacture  of,  234. 

wort,  232. 

Malting     and    brewing,    bibliography    of, 
237. 

of  the  grain,  181. 
Maltose.  163,  170. 

analysis  of,  173. 

Herzfeld's  process,  168. 

manufacture  of,  167. 

Manganese  bronze  style.     See  Textile  Print- 
ing. 
Manganous  borate,  use  as  drier  in  varnish, 

103. 

Manila  hemp,  267. 
Manufacture  of  dextrine,  168. 

of  glycerine,  66. 

of  oil-cloth,  99. 

of  perfumes,  94. 

of  printer's  ink,  98. 

of  varnishes,  95; 
Maple-sugar,  114. 
Mtiranta,  161. 

Marc  of  grapes.     See  Wine  Manufacture. 
Martin's  process,  for  wheat  starch,  165. 
Mash,  fermented,  distillation  of,  211. 
Masse- cuite,  122,  125,  137. 
Mastic,  92. 

varnish,  98. 
Masut,  22. 

Mather-Thompson's  bleaching  process,  450. 
Mauvein,  393. 

McKay  and  Critchlow  process,  17,  29. 
Mechanical  wood-pulp,  microscopic  feature 

of,  282. 

Mege-Mouries.     See  Butter,  Artificial. 
Meilers.     See  Coke-oven  Distillation. 
Melada.     See  Raw  Sugars. 
Melis,  146. 
Melting  point  of  butter,  257. 

determination  of,  in  paraffine,  39. 

of  fats,  75. 

of  paraffine.  30. 
Menhaden  oil,  49. 
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Metals  in  vim 

Metanil    y.'lloW,    896. 

Meta-toluidine, 

Methvl  acetate, 

alcohol, 

;  ruination     <i|',     in     wo.  d  —  pint, 

anthracene,  :; 

Leu/.'  n>-.     S.-.-  Toluene. 

given.  8 

naphthalene.  :;7  I. 

vi..li-t.  8 

Methylcne  blue. 
.M.-tri'c  system,  477.  l> 
Middle  oil, 
Milk  analysis,  I'll.  254,  256. 

constituents  of,  241. 

co\\>.  •_'  r_v 

industries  241. 

bibliography  .if,  269. 

Mat  Mir,  Of,  260. 

specific  gravity  of,  254. 
sugar,  1'  : 

estimation  of,  256. 
treatment  of  whey  for,  L 
testa  of,  264, 

yield  of  products  of,  243. 
Mi  lion  'a  reagent,  301. 
Mill>,  oilseed, 

>u-ar-.  117. 
Mirno>a-l.ark,  308. 
Mini-nil  add-  in  vinegar,  236. 

Albert,  16. 

colon,  i' 

colza  oil,  30. 

oil,  petroleum  and,  bibliography,  42. 

>perm,  30. 

tanning.  314. 
Miscellaneous  colors,  399. 
Mixed  lihre-.  determination  of,  302. 

\\-incs,  I'.iK 
Mixing-syrup,  147. 

Mohair,  L".t4. 

M"i-tun-  in  tlour,  determination  of,  228. 
.  beet-root,  139. 
f,  138. 

lime    and    strontia   method, 


-ine,  176. 
tie  wax,  48. 


N. 


residues.     See  Vinasse. 

i'li-r  proct-.-s  for,  141,  142. 
St.-ir.-n  process,  140. 

and  >yrnp-.  analy>is  of.  154. 

table  of  grades  of,  147. 

working  up  of,  138. 

/.o  dye-,  395. 
Monochlor-anthracene,  ^77. 
Mononitronaphthalene,  ;i78. 

M..nlaiits.  4't~i.    • 

Moroi-,-,,  Irath.-r,  :{!•!,  317. 

M..tluT-«-a>k-.  •- 

M..thrr  of  vin-'^ir.  231. 

Mould  <;n.\vlh-  icntatlnii. 

sui:ar.  130. 
M  n>covado  Miirar.    i22. 

Sei1  J\"ir  Suijm-fi. 
Mu>t  fi-niH-iitation,  194. 

See  W'htf  M<itt»t'<n-/urf. 
MyrubalaiK,  308,  458. 


Naphtha,  14,  23,  29,  858. 

l»urnin«4,  867. 

ihafc 

>ol\,-nt.  363,  367. 

I   330,  888. 
Naphtha),  tie,  880,  869,  860,  874. 

assay  of,  866. 

dichloride,  876. 

halo^,.,,  d.'i-ivativt'S  of,  876. 
nd,  398 
series,  37  l. 

Milphonic  acids  381,  882. 
t.-trachlond.-.  376. 
Naphtln-n*-.  1"),  16. 
Naphth.,1  Mark. 
:(.»4. 

Milphonic  acids,  382. 
y<-llo\vs,  394. 
Naphtho],.  §81, 

manufacture  of,  388. 
Naphthylaniinc,  380. 

Milphonic  acid<. 
Natal  arrow-root.   !>'.!. 
Natural  liituni«Mi>.  tn-aliii«-nt  "f,  26. 
blue  dy« 
brown  -i 
dye-colors,  419. 
gas,  13. 

analysis     of.       See     Illuminating 

Gas. 

fuel  gas  from,  28. 
illuniinatiiii;  u;a-  fr»ni,  17. 
lamp-Mack  from,  17. 
procc-s,  16 

-tatl-tir-.    TJ. 

green  .! 
ifflne,  28. 

varnishes,  94,  102. 
va><.'line,  32. 

-toot  oil,  48. 
N'rttlc  til.r. 
Neutnil  lard,  248. 

lubricating  oils,  30. 
-•ils,  30. 

Nicholson's  blue,  392. 
Niu'n-inr,  393. 

Ninety  p.-r  rent,  b.-n/.nl,  ;}57,  371'. 
•alizarin,  399,  465. 

,  :J77. 
mannfartnre  ..f,  385. 

and  nitro>,.-  derivatives,  393. 
derivati\-'--.  877, 

'•nous   compounds,  in  flour,  determi- 
nation of,  229. 
Nitroglycerine,  7],  T-J. 
analy-i-  of,  81. 
and  dynamite,  67. 

titro-  and,  393. 
Nitrotoluene,  378. 
Non-rokini:  ooala,  Ml, 

table  Of, 

Non-lustre  wools.  20:}. 
Nutgalfc,  309,  4> 
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Oak-bark,  306. 
Odoriferous  extracts,  95. 
Oil,  almond,  47. 

aniline,  357,  386. 

anthracene,  353,  361. 

ben,  47. 

birch-bark,  use  of,  in  tanning,  318. 

blue,  25. 

boiled,  69. 

burning,  29. 

cake,  86. 

meal,  86. 

table  of  composition  of,  68. 
Canadian,  treatment  of,  24. 
castor,  46. 
cloth  and  linoleum,  104. 

manufacture  of,  99. 
cocoa-nut,   47. 
cod-liver,  49. 
colza,  47,  84. 
cotton-seed,  46-84. 
creosote,  336,  360. 
cylinder,  30. 
Danforth's,  29. 
dead,  353. 
filtered,  25. 
first  light,  356. 
Gallipoli,  69. 
headlight,  30. 
heavy,  360. 
hernp  seed,  46. 
lard,  48. 
Lima,  15. 

treatment  of,  24. 
linseed,  47. 
menhaden,  49. 
middle,  359. 
neat's-foot,  48. 
olive,  47. 
palm,  48,  83. 
paraffine,  25,  32. 
poppy-seed,  47. 
rape,  47. 
red,  61. 

reduced,  18,  30. 
rosin,  104. 
seed  mill,  52. 
sesame,  84. 
shark,  49. 
Sherwood,  29. 
solar,  31. 
sperm.  49. 
spindle,  30. 
stills,  20. 
sunned,  12. 
tallow,  48. 
train,  49. 
vaseline,  32. 
whale,  49. 

Oils,  American  and  Russian,  table  of  viscos- 
ity, 30. 
and  fats,  analysis  of,  72. 

bromine  and  iodine  absorption  of, 
75,  76,  77. 

characteristics  of,  49. 

composition  of,  50. 


Oils  and  fats,  extraction  of,  51. 

saponifieation  equivalent  of,  75. 
animal,  48. 
creosote,  tests  of,  366. 
essential,  and  resins,  89. 

processes,  94. 
classes  of,  90. 
extraction  by  solvents,  89. 
tests  of,  106.' 

fats,  and  waxes,  products  of,  68. 
fish,  86. 
lubricating,  30. 

value  of,  38. 
neutral,  30. 
vegetable,  46. 
Old  fustic,  422. 
Olefines,  16. 
Oleomargarine,  66,  246. 
Oleometer,  73. 
Oleo  oil,  247. 

use  in  cheese,  249. 
Oleo-resins,  91. 
Olive  oil,  47,  83. 
Orange  IV.,  395. 
alizarin,  399. 
a-naphthol,  396. 
/3-naphthol,  396. 
crocein,  396. 
dimethyl-aniline,  395. 
diphenylamine,  395. 
G,  396. 

Organized  ferments,  176. 
Orleans  process  for  vinegar,  232. 
Orseille,  421. 

adulterations  of,  440. 
extract,  tests  of,  439. 
preparations,  434. 
Osmogene.     See  Beet-root  Molasses. 
Osmose  process  for  beet-root  molasses,  139. 
O'Sullivan   and   Valentine's   process.      See 

Maltose. 

Oxidation  colors,  472. 
Oxyazo  dyes,  395. 
Oxyazosulphonic  acids,  396. 
Ozokerine,  pomade,  32. 
Ozokerite  and   natural  paraffines,  products 
of,  31. 

statistics,  45. 
Galician,  25,  31. 


P. 


Pale  brandy,  218. 

cutch.     See  Gambir. 
Palmitic  acid,  64. 
Palm  oil,  48. 
Papaine,  176. 
Paper,  machine-made,  279. 

manufacture  of,  from  the  pulp,  279. 

mulberry,  272. 

testing,  283. 
Paper-making,  270. 

material,  preparation  of,  272. 

materials,  statistics  of,  290. 
Papier-mache,  281. 
Paraffine,  30,  338,  340. 

block,  25. 

compression  test  of,  48. 
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Paralline,  eon^ealinij  point  of.     Sec  M,ltin<r 


crud- 

determination  of  melting  point,  39. 

hardne.s>  and  melting  point  of,  30. 

oil.  26, 

DM!  of.  in  ga>-iimkini:f  32. 

solubilitN  of,  81, 

uso  of.  :;i. 
Paratlin-.  natural  and  ozokerite,  prodi; 

Ml. 
Paratlinum  liijuidum,  32. 

solidum,  ML'. 
Para-tolui.line.  880. 
Parcliment,  818. 

Parke'-  proce--  of  vulcanization,  100. 
Pa-tehoard.  281. 
Pa-teuri/,in-.  187,  196. 
Pasteur'-  proce-s  for  vinegar,  234. 
Patent  alum,  456. 

fuel,  363. 

leather.  817. 

Peach-Wood,   419. 

Pearl  hardening,  278. 
Peat,  Mil. 
P.-psin.  17<i. 
Perfumes,  102. 

manufacture  of,  94. 
Perry,  l^ML'. 
Persian  berries,  423. 

extracts  of.  IM'1,. 
Perspiration,  wool.  L".»M. 
Petioti/.ation  (wines),  197. 
Petrolatum,  25,  32. 
Petroleum  and  mineral  oil,  13. 
bibliography,  42. 

analysis  of,  32. 

coke 

colorimetric  tests  of,  41. 

continuous  distillation  of,  22. 

crude,  process,  18. 

distillation,  diagram  of,  19. 

ether 

tire- test  determination  of,  33. 

products,  29. 
tests  of,  33. 

refining,  P.*. 

itic  gravity,  determination  of,  33. 

-pint,  use  in  varnish,  98. 

.-tatistics,  43,44. 

.sulphur  in.  \~>. 

Pharmaceutical  -oap,  table  of  analysis  of,  71. 
Phenanihivne,  875. 
Phenetol  red.  M'.HJ. 
Phenol.  M:io,  :;:,!»,  380. 

derivatives,  380. 

dye-colon 

phthalein.  894. 

sulphonic  acids,  381. 
Phenols,  te-ts  for.  Mr,:,. 
Phen\  1-anthracene,  375. 

brown,  M'.n. 

naplithalene,  374. 
Phenylene  brown.  '•','.*'>. 

Phloxill.       See    /V.A///.S. 

Phosphine,  398. 

IMlospliotaije.    I'.lfl. 

Photogene,  31. 


I'htlmlrin,  manufacture  of,  389. 
Phtha; 

manufacture  i.f,  888. 
Phtl.alic  acid.  M.sj. 

anhvdrid'-.  manufacture'  of,  888. 
Phyll.. 
Pli\-i.-al  characters  of  oiU  and  fats,  49. 

I'ln-lM',   875. 

IM.-ric  acid, 

Pigment  itVle,   JT'J. 
Pineapple  iibiv. 
Pine-hark.  :',()7. 

tar,  337. 
Pit.-h.  :::,:;,  :!•;:>,.  368. 

anthracem-  in. 

coal-tar,  IM-S  of,  3<j3. 
Plastering  wine-.  !'.)•;. 
Plush,  466. 
Polari-cope,  149,  150. 
Polychromine,  4<58. 
Pomade  o/.ol<erine,  32. 
Pomades,  95. 
Ponceau  2R,  396. 

3R,  396. 

4R,  brilliant,  396. 
Poppv-sced  oil,  47. 
Porter,  187. 
Potash  alum,  456. 

bichromate  of,  457. 

carbonate  of,  454. 

permanganate  of,  454. 
Potato  spirit,  206. 

starch,  161. 

manufacture  of,  105. 
Poteen,  219. 

Preparation  of  the  wort,  183. 
Prepared  catechu,  439. 
Preparing  salt,  456. 
Preserved  milk,  244,  250. 
Press-cakes,  scums,  and  saturation  (sugar), 

148. 
Primuline,  463. 

colors,  398. 
Printed  colors,  470. 
Printer's  ink,  manufacture  of,  98. 

use  of  soap  in,  98. 
Printing,  457. 

direct,  467. 

inks,  104. 

machine,  textile,  408. 

papers,  281. 

silk,  475. 

>tyle  of  textile,  470. 

textile,  467. 

Woollen,  475. 

Processes,  ev-ential  oils  and  resins,  94. 
of  manufacture  of  starch,  163. 
of    treatment,    caoutchouc   and    gutta- 
percha,  99. 
Mi^ar-cane.  117. 

Production  of  cane-sugar,  diagram  of,  121. 
of  sugar  from  the  sugur-beet,  130,  138. 
Products  of  bitumens,  asphalts,   and  bitu- 
minous shales,  21. 
of  essential  oils  and  resins,  102. 
of  manufacture.  >u^ar,  145. 
oils,  fats,  and  waxes,  68. 
petroleum,  29. 
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Products  of  starch,  169. 
Proof  spirit,  217. 
Proof-stick.     See  Vacuum-pan. 
Pseudophenanthrene,  375. 
Purifiers  for  coal  gas,  use  of,  346. 
Purple,  alizarin,  471. 
Purpurin,  399. 
Pyrene,  375. 
Pyridine  bases,  382. 
Pyrogallol,  380. 

manufacture  of,  388. 
Pyroligneous  acid,  330. 
analysis  of,  338. 
products  of,  337. 
Pyrolignite  of  iron,  456. 
Pyronaphtha,  30. 
Pyroxylin,  270. 
Pyroxyline,  284,  287. 

manufacture  of,  285. 

varnishes,  287. 

Q 

Quebracho,  308. 
Quercitron,  423. 

bark,  460. 

extracts,  436. 

dyeing,  value  of,  440. 
Quick  vinegar  process,  232,  233. 
Quinaldine,  383. 
Quinoline,  383. 

and  acrid ine,  manufacture  of,  390. 

bases,  382. 

dyes,  398. 

yellow,  398. 

R. 

Raffinade.     See  Refined  Sugars. 
Rags.     See  Paper-making. 
Raisin  wine,  composition  of,  198,  199. 
Ramie,  cottonized,  268. 

fibre,  2f>8. 
Rape  oil,  47,  84. 

Raw  materials,  distilled  spirits,  207. 
essential  oils  and  resins,  89. 
fats  and  oils,  46. 
natural  gas,  13. 
petroleum,  13. 
sugar,  concentration  of,  127. 

defecating  with  bullock's  blood,  128. 
sugars,  117,  145. 

composition  of,  145,  146. 
refining,  value  of,  154. 
Recovered  soda,  281. 
Rectified  spirit,  206,  217. 
Rectifying  distilled  spirit,  214. 
Red,  A,  fast,  396. 
alizarin,  471. 
anisol,  396. 
B,  fast,  396. 
Congo,  397. 
corallin,  394. 
D,  fast,  396. 

dyestuifs   products  of,  434. 
G,  cloth,  397. 
liquor,  337,  456. 
naphthalene,  393. 


Red  oil,  61. 

phenetol,  396. 
Reduced  indigo  process,  473. 

oil,  18,  30. 

oils,  use  of,  as  lubricants,  25. 
Red  wines,  coloring  matter  in,  206. 
Refined  molasses,  147. 

sugars,  146. 

wax,  25. 

Refining  value  of  raw  sugar,  154. 
Rendrock,  72. 
Resin  acids,  91. 
Resins,  91. 

bromine,  absorption  by,  109. 

essential  oils  and,  89. 
processes,  94. 

for  varnish,  distillation  of,  97. 

saponification,  equivalent  of,  109. 

statistics  of,  111. 

tests  of,  108. 
Resists,  467,  468,  474. 
Resorcin,  380. 

blue,  394. 

brown,  397. 

Resorcine,  manufacture  of,  387. 
Retene,  375. 

Retorts  for  coal  distillation,  344. 
Retting  process,  flax,  265. 
Revivification  of  bone-black,  143. 
Rhigolene,  23. 
Rhodamine.     See  Eosins. 
Rice  starch  group,  161. 
Ricinus  communis.     See  Castor  OiL 
Rin9age.     See  Wool-scouring. 
Roofing  materials,  26. 
Rose  Ben  gale.     See  Eosins. 
Rosin,  901,  92. 

colophony,  92. 

grease,  104. 

oil,  104. 

Rosolic  acids,  394. 
Rubber,  India-.     See  Caoutchouc. 

scrap,  use  of,  101. 

vulcanization  of,  100. 
Rubeosin.     See  Eosins. 
Rum,  219. 
Russia  leather,  317. 

S. 

Saccharine  liquid  (spirits),  208. 
Saccharomyces,  176,  177. 

cerevisiae,  177,  179. 

ellipsoideus,  177,  179. 

Pastorianus,  177,  179. 
Safflower,  421. 

preparations,  434. 
Safranine,  393. 
Sago  starch  group,  161. 
Salicylic  acid  in  wines,  estimation  of,  205. 
Salt  butter,  246. 

common,  estimation  of,  in  dyes,  405. 

estimation  of,  in  butter,  256. 
Salts,  ethereal,  90. 
Sand,  estimation  of,  in  dyes,  406. 
Sandal- wood,  419. 
Sandarach  varnish,  98. 
I  Sapan-wood,  419. 
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nitication  . 
equivalent,  <>f  fat-  and  oils,  76. 

,.f  H-MIIS,  lO'.i. 
B01, 

Savalle  's  rectifying  column.  I.1  1'1. 

nun-jxin. 

Sawdust,  apparatu-  for  <li.-t  Him*. 
•iy  lilin-,    I 

Scarlet  Hiehri.-h. 
It,  wool, 

•JK.  cochineal,  396. 
:.  crocein,  8i 

•  •!-.  molawei  process,  141,  142. 
Scheihler-Seyferth  elation   process  for   mo- 


Sch.-eli/ation (  wines),  197. 
Schenk-beer,  187, 

Schiedam  x-hnapps.     See  Qjn. 
S.-hix...  invert,-,  170. 

Schyzophycetec,  ITU. 

ring  silk,  299. 
Ble,  447. 

wool,  297. 
S,  rap  gutta-percha,  use  of,  102. 

nil  il>er,  use  of,  101. 

Scruhhrr,  use  of,  in  gas  purification,  345. 
Scums   and   saturation   press-cakes  (sugar), 

Us. 

Sealinir-\vax.  104. 
Second  motaMB,  138,  139. 
Seed  hair-.  267. 

lac,  92. 
Seriein,  296. 
Se-ame  oil,  84. 
Shah-,  naphtha,  31. 

oil  lien/ene,  31. 

llul.ncr  process  for,  28. 
Shal^.  Henderson's  process  for,  26. 

Young  and  Beiloy's  process  for,  26,  27. 
Shark  oil,  49. 

p'a  wool,  292. 
Sh.-llac.     See  Lac. 

varnish,  98. 
sinT\v.i..d  oil,  -j-.t. 

Sh..ddy,  300. 

Sid  c-products,  distiller's,  221. 

Sil.-nt  >pirit.  217. 

Silk.  L'94,  298,  304. 

artificial  <•,  -l«n-.-  a]>plii-d  to,  467. 

Mi-aching,  300,  453. 

hoil.-d-otr.  '2W. 

romliti..ninir,  296,  298. 

(•cm,  299. 

inirr.'sciipic  appearano-  "f,  295. 

printini:,  176. 

j.r«'.hict<  ..f.  300. 

riM-lm-:.  8 

80U])1>>,   I 

Tu.our,  -J'.'.;. 

w«-iirhtinir  «•!'.  466. 
Silks,  wild. 

Sim-  ••:.  vrn.  348. 

Sirop  cristal.     See  Glucose. 
Sisal  h.-nip. 
Sizini;  materials,  nature  of.  i'.-r  paper,  283. 

pap.-r,  278. 
Skins,  animal,  305. 


Mv  i  n  'lea. 

SludLT'-  add 

:ml\M8,  Leed'B  scheme  for,  80. 
tartneM  ..f  «l\e.s  to,  400. 

l.ani 

I. \diat.-.l,  69. 

making,  57-62. 

toilet.  71. 
transparent,  71. 
Soaps,  70,  87. 
tilled,  61. 
glycerine,  71. 
pharmaceutical,  table  of  analyses  of,  71. 

table  of  analyses  of,  70. 

u-i-d  in  bleaching,  454. 
Soda  ash,  454. 

bichromate  of,  457. 

crystals,  464. 
Sod-oil,  317. 
Soft  soap,  59. 
S.-lar  oil,  31. 
Sole-leather,  317. 

manufacture  of,  309. 
Solid  fats,  melting  point  of,  76. 
Solubility  of  paratiine,  31. 
Soluble  ferments,  176. 
Solution,  Fehling's,  152. 
Solvent  naphtha,  353,  357. 
Sorghum  plant,  114. 
Soudan  brown,  396. 

G,  395. 

Souple  silk.  299. 
Sour  cream,  246. 

dough,  225. 

whey,  243. 

Soxhlet  extractor,  73. 
Specific  gravity,  absolute,  and  Gay-Lussac 

scales,  comparison  of,  486. 
Bnume,   and    Brix    degrees,   com- 
parison of,  487,  493. 
of  petroleum,  determination  of,  33. 
tables.     See  Appendix. 
Sperm  oil,  49,  86. 
Spermaceti,  49,  86. 
Spindle  oil,  30. 
Spirit,  proof,  217. 

rectified,  206,  217. 

vanishes,  98,  103. 

vinegar,  235. 
Spirits,  ardent,  206. 

bibliography  of,  238. 
Sprengel  tube,  74. 
Stannate  of  soda,  456. 
Stannous  chloride,  456. 
Starch,  161. 

action  of  acids  upon,  163. 
iodine  up«m,  162. 

analysis  »f.  171. 

etc.,  bibliography  of, 

composition  of.  K.2. 

estimation  of,  in  dyes,  406. 

in  llour,  determination  of,  228. 
.  162. 

processes  of  manufacture,  103. 

products  from,  169. 

See  Mnn.tfiirtnre  of  Distilled  Liqwrs. 

statistics  of,  176. 
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Starches,  leguminous,  161. 
Statistics  of  animal  fibres,  303,  304. 

of  artificial  coloring  matters,  417,  418. 

of  beet-sugar,  160. 

bituminous  shales  and  shale  oil,  45. 

cane-sugar,  159. 

of  destructive  distillation,  370,  371. 

of  dye-woods,  446. 

of  essential  oils  and  resins,  111. 

of  glue  industry,  328. 

of  indigo,  445. 

of  leather  industry,  327,  328. 

of  natural  gas,  42. 

of  oils  and  fats,  82. 

ozokerite  and  natural  parafline,  45. 

petroleum,  43,  44. 

of  starch,  175. 

of  sugar  consumption,  160. 

of  the  milk  industries,  260,  261. 
Steam  style.     See  Textile  Printing. 
Stearic  acid,  manufacture  of,  62. 
Steifen  molasses  process,  140,  141. 
Stick-lac.     See  Lac. 
Stills,  cheese-box,  20. 

Coifey,  211,  355. 

oil,  20. 

Pistorius,  211. 

Savalle,  212. 

vacuum,  21. 
Stockholm  tar,  337. 
Stout,  187. 
Straw,  microscopic  feature  of,  282. 

use  in  paper-making,  271. 
Strike-pan,  sugar,  122. 
St.  Vincent  arrow-root,  161. 
Substitutes,  butter,  251. 
Sucrose,  determination  of,  149. 
Sugar,  113. 

analytical  tests  and  methods,  149. 

beet,  diffusion  process  for,  119. 

general  view  of  composition,  115. 
Robert's  method  of  diffusion,  131. 

beets,  113,  232. 

and  juices,  analysis  of,  155. 

bibliography,  159. 

bleaching,  122. 

canes,  analysis  of,  113. 

and  juices,  analysis  of,  155. 

centrifugals,  125. 

coloring,  manufacture  of,  168. 

concentration   of,    with    vacuum-pans, 
122. 

consumption,  statistics  of,  160. 

cured,  125. 

estimation  of,  in  dyes,  406. 

grape-,  manufacture  of,  165. 

in  flour,  determination  of,  228. 

in  wines,  determination  of,  204. 

juice,  boiling  of,  120. 
defecated,  120. 

juices,  clarifying  with  lignite.  122. 

loaf,  130. 

maple,  114. 

mills,  117. 

muscovado,  122. 

of  lead,  337. 

production  of,  from  sugar-beets,  130. 

scums,  etc.,  analysis  of,  157. 


Sugar.     See  Manufacture  Distilled  Liquors, 
208. 

side-products  from,  147. 

solutions,  specific    gravity,    table    for, 
487,  493. 

sources  of,  113. 

vinegar,  235. 

yield  of,  126. 

from  sorghum,  114. 
Sugars,  raw,  analysis  of,  153. 

refined,  146. 
Suint,  293. 
Sulphate  of  ammonia,  355,  356. 

statistics  of,  371. 
Sulpho- acids,  381. 
Sulphonating,  process  of,  390. 
Sulphur  in  wool,  293. 

in  petroleum,  15. 
Sumach,  308,  457. 
Sunn  hemp,  267. 
Sunned  oils,  18. 

Sweating  process.    See  Leather  Manufacture. 
Sweet  cream,  246. 

water,  130. 

whey,  243. 

wine,  198, 199. 

Swelling.     See  Leather  Manufacture. 
Swenson,  Prof.,  use  of  carbonate  of  lime  in 

sugar  diffusion,  120. 
Syrups,  molasses  and,  analysis  of,  154. 
and  cane-sugar,  146. 

T. 

Table  of  American  wines,  201,  202. 

of  analyses  of  condensed  milk,  250. 

of  milk,  241. 

of  natural  gases,  14. 

of  oleomargarine  butter,  252. 

of  pharmaceutical  soaps,  71. 

of  soaps,  70. 

of  classification  of  vegetable  fibres,  269. 
of  commercial  indigoes,  445. 
of  comparative  effects  of  different  gas 

fuels,  28. 
of  composition  of  bread,  227,  228. 

of  oil-cakes,  68. 

of  raw  sugars,  146. 

of  wheat  grain,  224. 
of  effervescing  wines,  201. 
of  French  wines,  200. 
of  grades  of  molasses,  147. 
of  illuminating  gas,  347. 
of  isomeric  xylenes,  374. 
of  natural  and  unfortified  wines,  200. 
of  sweet  and  fortified  wines,  201. 
of  tanning  materials,  320. 
of  thermometric  equivalents,  479,  481. 
Tables  of  analyses  of  butter,  251. 

of  cheese,  253. 

of  composition  of  alcoholic  liquors,  220. 
Tallow,  87. 

and  tallow  oil,  48. 
Tan-liquors,  acidity  of,  321. 
Tannin,  detection  of,  in  liquors,  222. 
estimation  of,  319. 
use  of,  in  dyeing,  457. 
in  wines,  estimation  of,  205. 
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Tunning  infu.-ions,  strength  of,  819. 

material*,  306. 

aimlv-i-  ..f,  319. 
tahle  «.f,  320. 

mineral,  314. 

312. 
Tar,  anthracene  in, 

hiivh-l.ark,  331. 

1 1,  fractional  inn  of,  852. 

con>tituent>,  t«->ts  tor,  364. 

-lime,  888. 

.still,  de.M-ription  nf,  360. 

Stockholm,  :537. 

valuation  of,  3«;3,  3»14. 

wood,  diagram  of  treatment,  834. 

treatment  of,  33(3. 

Tats  from  «..k.-  |  •.  arieties  of,  360. 

Tartar,  crude.     Sec   \\"nn<  Manufacture. 

emetic,  457. 

Tawing.     See  Mineral  Tan 
TemjM-rature,  effects  of,  upon  coal,  842. 
Terpenes,  90. 
Tests  of  caoutchouc  and  gutta-percha,  110. 

of  essential  nils  and  resins,  100. 

of  resins,  108. 

of  varnishes,  110. 
Textile  fabrics,  printing  of,  467. 

film-,  variable,  262. 
Thermometers,  r« -hit inns  between,  478. 
Thermometric    equivalents,   table    of,   479, 

481. 

Thick  mash  process.    See  Mali  Industries. 
Third  molaaeee,  139. 
Thirty  per  cent,  benzol,  873. 
Thorn  extractor,  73. 
Thurston's  oil-tester,  38,  39. 
Timber,  preservation  of,  361. 
Tin  crystals,  455. 

mordants,  464. 

spirits,  456. 
Ti-ur-paper,  281. 
Toilet  soaps,  71. 
Toluene,  330,  372,  378. 

amido-,  379. 

halogen  derivatives  of,  376. 

lulpnonic  acid,  381. 
Toluidine,  379. 

sulphonie  acid,  382. 
Total  solid-  in  milk,  254. 
Tout  les  mois,  161. 
Train  oil,  49. 
Transparent  soaps,  71. 
Treacle,  147. 
Treatment  of  asphalts,  26. 

of  bituminous  .-bales,  26. 

of  Canadian  oil,  1M. 

of  irutta-peivha,  101. 

of  illuminating  oil,  23. 

of  Lima  oil,  24. 

of  natural  bitumens,  26. 
Trinidad  asphah 
Trinitrotoluene,  378. 
Trioxy-benx.ene,  380. 
Triphenyl-methane  dyes,  392. 
Triple-effect.      ~-        1 
Tropa-olin  1)1). 
True  resins.  '.»!. 
Trypsine,  176. 


Tuh-.-iy.irii,',  278. 

Turf. 

Turkey-red  dyeing,  462. 

oil  (see  Huile  Tuurnante),  69. 

styles.     See  Textile  Printing. 
Tunm-rir,  424,  460. 
Turjx-ntine,  hr.nnine  absorption  by,  108. 

in  e—mtial  oils,  107. 

examination  of,  108. 

oil  of,  90. 

adulterants  of,  107. 
nishes,  98,  108. 

varieties  of,  90. 

Tussur  >ilk.  1.1.  a.'hini;  of.  296,  468. 
Twaddle   and    liatioiml  waume  scale,  com- 
parison of,  486. 
Twaddle's  scale  with  specific  gravity,  484. 

U. 

Unfermentable  carbohydrates,  171. 

paraffin!,  32. 
of  hides,  310. 
Upper  leather,  317. 
Usquebaugh.     See  Liqueurs. 
Utilization  of  cotton-seed,  diagram  of,  69. 

V. 

Vacuum-pan,  123,  124. 
dye-wood,  431. 

pans,  use  of,  for  concentrating  sugar, 
122. 

stills,  21. 

Valentin,  O'Sullivan  and.     See  Maltose. 
Valonia,  308. 
Varieties  of  cheese,  252. 
Varnishes,  102. 

colored,  98. 

linseed  oil,  95,  102. 

manufacture  of,  95. 

natural,  94,  102. 

pyroxyline,  287. 

spirit,  98,  103. 

tests  of,  110. 

turpentine  oil,  98,  103. 
Vaseline,  25,  32. 

artificial,  32. 

natural,  32. 

oil,  32. 

Vats,  indigo,  460. 
Vegetable  fibre,  statistics  of,  289,  290. 

fibres,  bibliography  of,  289. 

table  ©^classification  of,  269. 
tests  of,  270. 

glue,  322. 

growths.     See  Fermentation. 

oils,  fats  and  waxes,  46. 
Vellum.     See  Parchment. 
Velvets,  301. 
Verdigris,  337. 
Victoria  yellow,  394. 
Vicuna  fibre,  294. 
Vinasse,  148. 
Vin  de  raisin  sec,  198. 
Vinegar,  acids  in,  236. 

bibliography  of,  238. 

cider,  234. 
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Vinegar,  eels,  234. 

essence,  235. 

malt,  manufacture  of,  234. 

manufacture  of,  231. 

mother  of,  231. 

Pasteur's  process,  234. 

process  of  manufacture,  232. 

raw  materials  of,  231. 

tests  of,  236. 
Vinegars,  factitious,  236. 

malt  and  beer,  235. 
Violet,  fast,  397. 

methyl,  393. 

Violets,  Hofmann's,  393. 
Virgin  oil,  53. 

Viscosity,  determination  of,  in  lubricating 
oils,  38. 

table  of  American  and  Kussian  oils,  30. 
Vulcanite,  101. 
Vulcanization  of  gutta-percha,  94. 

of  rubber,  100. 

W. 

Walrath.     See  Spermaceti. 
Warm  water  retting,  265. 
Washing.     See  Paper-making. 
Waste  silk,  301. 
Water  blue,  393. 

estimation  of,  in  butter,  256. 

purification  of,  458. 

See  Malt  Industries. 

Watt  and  Burgess  Process.    See  Wood  Fibre. 
Wax,  bees,  49. 

carnauba,  48. 

Chinese,  49. 

insect.     See  Chinese  Wax. 

Japan,  48. 

myrtle,  48. 

refined,  25. 

sealing-,  104. 

yellow,  25. 
Waxes,  animal,  48. 
Weiss-beer,  187,  188. 
Weld,  423. 

Westphal  balance,  74. 
Wetzel  pan,  127. 
Whale  oil,  49. 
Wheat-grain,  table  of  composition  of,  224. 

starch  group,  161. 

Martius  process,  165. 
Whey,  242,  254. 
Whiskey,  219. 
White  brandy,  218. 

ceresine,  26. 

wines,  207. 
Wild  silks,  296. 

yeast,  177. 
Wiley,  Prof.,  use  of  lime  in  sugar  diffusion, 

120. 

Willow  bark,  307. 
Wine,  analysis  of,  203. 

ferment,  177. 

manufacture,  192. 

side-products  of,  202. 

specific  gravity  of,  203. 

vinegar,  235. 

volatile  constituents  of,  199. 


Wines,  207. 

ash  determination  of,  204. 
bibliography  of,  237. 
classification  of,  199. 
determination  of  alcohol  in,  203. 
of  extract  in,  204. 
of  sugar  in,  204. 
diseases  of,  treatment,  195. 
effervescing,  197. 
estimation  of  free  acids  in,  205. 
of  non-volatile  acids  in,  205. 
of  salicylic  acid  in,  205. 
of  tannin  in,  205. 
of  volatile  acids  in,  205. 
fortified,  mixed,  and  imitation,  198. 
glycerine  determination  in,  204. 
white,  207. 
Woad,  425. 
Wood,  Brazil-,  419. 

composition  of,  329. 
creosote,  330. 

destructive  distillation  of,  329. 
distillation  of,  331. 
retorts  for,  331. 

distilling,  primitive  method  of,  331. 
effect  of  heat  upon,  330. 
fibre,  use  in  paper-making,  271. 
naphtha,  330,  333. 

pulp,  chemical,  microscopic  features  of, 
282. 

See  Paper-making. 
mechanical,  microscopic  features  of. 

282. 

See  Paper-making. 
spirit,  337. 

crude,  purification  of,  335. 
determination  of  acetone  in,  339. 
tar,  diagram  of  treatment,  334. 

treatment  of,  336. 
vinegar,  333. 
Wool,  292,  297,  303. 
black,  397. 
bleaching,  298,  452. 
coal-tar  colors  applied  to,  465. 
coloring  matters  applied  to,  464. 
composition  of,  293. 
conditioning,  293. 
dyeing,  464. 
fat,  293. 

microscopic  structure  of,  292. 
perspiration,  293. 
products  of,  300. 
scarlet  R,  396. 
scouring,  297. 

Woollen  cloth  printing.  475. 
scouring  of,  297. 
yarns,  scouring  of,  297. 
Wools,  carded,  300. 

combed,  300. 

Working  up  of  molasses,  138. 
Wort,  fermentation  of,  186. 

(distilled  liquors),  209. 
See  Manufacture  of  Distilled  Spirits. 
preparation  of  the,  183. 

See      Manufacture      of     Distilled 

Liquors. 

Wrapping-papers,  281. 
Writing-papers,  281. 
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X. 

Xylen. 

amid"-, 

liroiiiinr  derivatives  of,  376. 
lies,  isomerii  ,  :'.7  \ 
in.-,  380. 

Y. 

-•Urn,  scouring  <(f,  297. 
^'af\  an  c\  a|»>rat«>r.    ' 
N  . «r  t<-niii-nt.     >••••  Hr«t<l-inaking. 

56  Fermentation. 

K,ao 

aiiiliiu-,  395. 


v  rnrullin,  394. 
d\  f-tut!'-,  product*  ••!',  436. 
metunil,  395. 

lia|,hth..l 

S,  imphthol,  394. 
i|uiri'.lii,f,  398. 

WHX,  25. 

1{«  ilby's  process  for  shales,  26, 27. 
,  r. 


f  4CO. 


Z. 

/UK  -i>owder,  use  of,  in 
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